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@ Method and printer for printing an image fonned of 2-dimensionally arranged pbcels. 

@ A printer has a shift register (4), an emission-time setting section (5), a laser diode (62), and a drive 
section (67). The register (4) supplies the emission-time setting section (5) with bits representing 
consecutive pixels including at least one black pixel. The emission-time setting section (5) determines 
the period of time during which the drive section (67) is to drive the laser diode (62), from the pixel 
patterns represented by the bits supplied from the register (4), and outputs an emission-time signal 
which represents said period of time. In response to the emission-time signal, the drive section (67) 
drives the laser diode (62) for the period of time, whereby a black pixel of a desired size is fonnned on a 
printing medium. 
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The present invention relates to a method of printing an image fomried of 2-dimensionally arranged pixels, 
and also to a printer such as an electronic photography apparatus or a thermal printer, which is designed to 
print an Image fonned of 2-dimensionally arranged pixels. 

A laser printer comprises a photosensitive member and a laser diode. The laser diode is driven in accord- 
5 ance with input image, thus emitting a laser beam to the photosensitive member. The surface of the photosen- 
sitive member is thereby scanned with the laser beam. 

An item of the image data, which represents a pixel, is a signal S1 having the wavefomi shown in Fig. 1. 
As is evident from Fig. 1 , the signal S1 is at either a high (H) level or a low (L) level for a period Ti during which 
the photosensitive member is scanned to form the pixel on its surface. The laser diode is driven by a drive signal 
10 S2, which has the same wave fonm as the image data signal S1 as is illustrated in Fig. 1 . Hence, the laser diode 
emits a laser beam for the period T^, to form a pixel on the photosensitive member. 

The electric resistance at the surface of the photosensitive member changes with the amount of light 
applied to the member. The electric charge of the surface of the member attenuates in accordance with the 
time the member is exposed to light. Mence, when the laser diode is driven by the signal S2 (Fig. 1) and emits 
15 a laser beam to the photosensitive member for the period T^, a circular pixel will be formed on the member, 
which circumscribes a square one-pixel region as is shown at (a) in fig. 2. 

When driven by two or more consecutive drive signals S2, the laser diode continuously emits a laser beam 
to the photosensitive member, thereby fomning pixels which overiap one another as is shown at (b) in Fig. 2. 
As can be understood from Fig. 2, these overiapping pixels fonm a true black image since there are left no blank 
20 spaces among them. Therefore, the drive signals S2 are good for printing true black images. 

The drive signals S2 shown in Fig. 1 are far form desirable for printing gray scale images by means of a 
Bayer-type dither. Nor are they desirable for printing characters, particulariy complex ones (e.g., Chines charac- 
ters), each consisting of many strokes. When driven by a signal S2, the laser diode emits a beam for the period 
Ti, whereby a pixel will be fonmed which circumscribes the one-pixel region. Hence, even if some of consecutive 
25 drive signals S2 are at a low level as in the case of printing a gray image or characters, the resultant pixels 
overiap in most cases, as is illustrated at (c) in Fig. 2. 

To print clear-cut gray images or characters, the laser diode can be driven by a signal S3 which is at the 
high level for a period T2 shorter than the period Tt as is evident from Fig. 1 . When driven by the signal S3, the 
laser diode emits a laser beam to the photosensitive member for the period T2, fomning a pixel on the member. 
30 This pixel is small, circumscribed by the square defining the one-pixel region as is shown at (a) in Fig. 3. Hence, 
if some of consecutive drive signals S3 are at a low level, the resultant pixels are discrete, forming a clear-cut 
gray image or distinct characters as is illustrated at (b) in Fig. 3. Obviously, the drive signals S3 are good for 
printing gray images and complex characters. 

The signals S3, which remain at the high level for the period T2 (T2 < Ti) are not good for printing a true 
35 black image, however. When driven by two or more consecutive drive signals S3, the laser diode intermittently 
emits laser beams, each for the period T2, thereby forming discrete pbcels, with blank spaces among them, as 
is illustrated at (c) in Fig. 3. The discrete pixels, thus formed, fail to define a true black image. 

The above-described problem with the conventional laser printer is also inherent in other types of 
electrophotographic printers, such as a light-emitting diode (LED) printer, a liquid-crystal printer. Further, the 
40 problem is found in themnal printers such as a heattransfer printer, ink-jet printers, and electrostatic printers. 

It is a first object of the invention to provide a printer which can print not only a clear quasi-gray image or 
clear characters, but also true black images, either on different sheets of printing paper or on the same sheet 
of printing paper. 

It is a second object of the Invention to provide a method of printing not only a clear quasi-gray image or 
45 clear characters, but also true black images, either on different sheets of printing paper or on the same sheet 
of printing paper. 

To attain the first object, there is provided a printer which comprises: 
pixel-fonming means for forming a number of pixels on a printing medium, in accordance with image data 
consisting of pixel-data items representing black pixels and white pixels; 
50 pixel-size setting means for setting a size for a given black pixel to be fonmed, by detenmining the values 

of pixel-data items representing consecutive pixels arranged in a scanning direction and including the given 
pixel; and 

control means for controlling the pixel-fomriing means, causing the pixel-fonming means to form, on the 
printing medium, the given pixel which has the size set by the pixel-size setting means. 
55 Also, to achieve the first object, there is provided a printer which comprises: 

pixel-forming means for forming a number of pixels on a printing medium, in accordance with image data 
consisting of pixel-data items representing black pixels and white pixels; 

pixel-size setting means for setting a size for a given black pixel to be fonmed, by determining the values 
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of pixel-data items representing consecutive pixels anranged in a direction perpendicular to a scanning direction 
and including the given pixel; and 

control means for controlling the pixel-fonning means, causing the pixel-fonming means to form, on the 
printing medium, the given pixel which has the size set by the pixel-size setting means. 
5 Further, in order to attain the first object, there is provided a printer which comprises: 

pixel-fonming means forfonning a number of pixels on a printing medium, in accordance with image data 
consisting of pixel-data items representing black pixels and white pixels; 

pixel-size setting means for setting a size for a given black pixel to be fonmed, by determining the values 
of pixel-data items representing consecutive pixels anranged in a scanning direction and including the given 
10 pixel, and the values of pixel-data items representing consecutive pixels aranged in a direction perpendicular 
to the scanning direction and including the given pixel; and 

control means for controlling the pixel-fonming means, causing the pixel-fomning means to form, on the 
printing medium, the given pixel which has the size set by the pixel-size setting means. 
Still further, in order to attain the first object, there is provided a printer which comprises: 
15 pixel-forming means for forming a number of pixels on a printing medium, in accordance with image data 

consisting of pixel-data items representing black pixels and white pixels; 

pixel-size setting means for setting a size for a given black pixel to befomried, by determining the values 
of pixel-data items representing consecutive pixels arranged in a scanning direction and including the given 
pixel, the values of pixel-data items representing consecutive pixels arranged in a direction perpendicular to 
20 the scanning direction and including the given pixel, and the values of pbcel-data items representing consecutive 
pixels arranged in a direction oblique to the scanning direction and including the given pixel; and 

control means for controlling the pixel-forming means, causing the pixel-fomning means to fomfi, on the 
printing medium, the given pixel which has the size set by the pixel-size setting means. 

To accomplish the second object of the invention, there is provided a method of printing images by means 
25 of pixel-fonning means, comprising the steps of: 

receiving image data consisting of pixel-data items representing black and white pixels anranged; 
setting a size for a given black pixel to be formed, by detenmining the values of pixel-data items repre- 
senting consecutive pixels an-anged in a scanning direction and including the given pixel; and 

controlling the pixel-fonming means, causing the same to fomn, on the printing medium, the given pixel 
30 which has said size. 

To accomplish the second object of the invention, too, there is provided a method of printing images by 
means of pixel-fonning means, comprising the steps of: 

receiving image data consisting of pixel-data items representing black and white pixels arranged; 
setting a size for a given black pixel to be formed, by detemnining the values of pixel-data items repre- 
ss senting consecutive pixels anranged in a direction perpendicular to a scanning direction and including the given 
pixel; and 

controlling the pixel-fonming means, causing the same to fonm, on the printing medium, the given pixel 
which has said size. 

Also, in order to achieve the second object of the invention, there is provided a method of printing images 
40 by means of pixel-fonming means, comprising the steps of: 

receiving image data consisting of pixel-data items representing black and white pixels anranged; 
setting a size for a given black pixel to be formed, by determining the values of pixel-data items repre- 
senting consecutive pixels anranged in a scanning directton and including the given pixel, and the values of 
pixel-data items representing consecutive pixels anranged in a direction perpendicular to the scanning direction 
45 and including the given pixel; and 

controlling the pixel-forming means, causing the same to form, on the printing medium, the given pixel 
which has said size. 

Moreover, to attain the second object of the invention, there is provided a method of printing images by 
means of pixel-fonming means, comprising the steps of: 
50 receiving image data consisting of pixel-data items representing black and white pixels anranged; 

setting a size for a given black pixel to be formed, by determining the values of pixel-data items repre- 
senting consecutive pixels arranged in a scanning direction and including the given pbcel, the values of pbcel- 
data items representing consecutive pixels anranged in a direction perpendicular to the scanning direction and 
including the given pixel, and the values of pixel-data items representing consecutive pixels arranged in a direc- 
55 tion oblique to the scanning direction and including the given pixels; and 

controlling the pixel-fonming means, causing the same to form, on the printing medium, the given pixel 
which has said size. 

This invention can be more fully understood from the following detailed description when taken in conjunc- 


4 


EP 0 476 863 A1 

tion with the accompanying drawings, in which: 

Fig. 1 is a timing chart showing the image-data signals, laser-driving signals of one type, and laser-driving 
signals of another type - all used in a conventional laser printer; 

Fig. 2 shows various pixel-patterns which the conventional laser printer forms when laser-driving signals 
5 of the first type are used; 

Fig. 3 shows various pixel patterns which the conventional laser printer forms when laser-driving signals 
of the second type are used; 

Fig. 4 is a block diagram illustrating a laser printer which is a first embodiment of the present invention; 
Fig. 5 shows 3-pixel pattems which can be detected by the emission-time setting section incorporated in 
10 the laser printer of Fig. 4; 

Fig. 6 is a timing chart showing the pixel signals, emission-time setting signals, and laser-driving signals 

- all used in the printer shown in Fig. 4; 

Fig. 7 represents the pixel pattern formed by the printer of Fig. 4 and defining a true black image; 
Fig. 8 is a block diagram illustrating a thennal printer which is a second embodiment of the present inven- 
ts tion; 

Fig. 9 is a timing chartshowing latch signals and enable signals, which are used in the themfial printer shown 
in Fig. 8; 

Fig. 1 0 is a block diagram showing another laser printer which is a third embodiment of the present inven- 
tion; 

20 Fig. 11 schematically represents the data table used in the emission-time setting section of the printer 
shown in Fig. 10; 

Fig. 12 shows 3-pixel patterns which can be detected by the emission-time setting section of the laser 
printer illustrated in Fig. 10; 

Fig, 13 is a timing chart showing the pixel signals, emission-time setting signals, and laser-driving signals 
25 - all used in the printer shown in Fig. 10; 

Fig. 14 shows various pixel patterns which the printer of Fig. 10 forms; 

Fig. 15 represents a pixel pattern formed by the printer of Fig. 10 and defining a true biack image; 

Fig. 16 is a block diagram showing another thermal printer which is a fourth embodiment of the present 

invention; 

30 Fig. 17 is a timing chart showing latch signals and enable signals, which are used in the thenmal printer 
illustrated in Fig. 16; 

Fig. 18 is a block diagram showing still another laser printer which is afifth embodiment of this invention; 
Fig. 19 schematically shows the data table used in the emission-time setting section of the printer shown 
in Fig. 18; 

35 Fig. 20 represents a variety of pixel-patterns which the emission-time setting section of the printer shown 
in Fig. 18 can detect; 

Fig. 21 is a timing chart showing the pixel signals, emission-time setting signals, and laser-driving signals 

- all used in the printer of Fig. 18; 

Fig. 22 is a diagram showing various pixel patterns which the printer of Fig. 18 can form; 
40 Fig. 23 represents a pixel pattern formed by the printer of Fig. 18 and defining a true black image; 

Fig. 24 is a block diagram illustrating still another themnat printerwhich is a sbcth embodiment of the present 
invention; 

Fig. 25 is a timing chart showing latch signals and enable signals, which are used in the themial printer 
illustrated in Fig. 24; 

45 Fig. 26 is a block diagram showing a laser printer according to a seventh embodiment of the invention; 

Fig. 27 is a schematic representation of the data table used in the emission-time section of the laser beam 
printer shown in Fig. 26; 

Fig. 28 is a timing chart showing the pixel signals, emission-time setting signals, and laser-driving signals 

- all used in the printer of Fig. 26 to print images; 

50 Fig. 29 illustrates pixels of various sizes which the printer of Fig. 26 can fonm on a printing medium; 
Fig. 30 represents a pixel pattern fonned by the printer of Fig. 26 and defining a true black image; 
Fig. 31 is a block diagram showing a themnal printerwhich is an eighth embodiment of the invention; 
Fig. 32 is a timing chart showing latch signals and enable signals, which are used in the thenftial printer 
illustrated in Fig. 31; 

55 Fig. 33 is a block diagram illustrating another laser printer which is the ninth embodiment of the present 
invention; 

Fig. 34 schematically shows a pixel pattern which the printer of Fig. 33 can detects; 

Fig. 35 is a schematic representation of the data table used in the emission-time setting section of the laser 
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printer illustrated in Fig. 33; and 

Fig. 36 shows laser-driving signals having different durations, which are used in the printer of Fig. 34 to 
print images. 

Embodiments of the present invention will now be described, with reference to the accompanying drawings. 
First Embodiment 


Fig. 4 illustrates a laser printer according to the first embodiment of the invention. As is shown in Fig. 4, 
the laser printer comprises an interface section 1 , a control section 2, an image memory 3, a shift register 4, 
10 an emission-time setting section 5, and a laser scanner unit (LSU) 6, and a photosensitive drum 7. 

The interface section 1 transfers image data between the control section 2 and an external device (not 
shown). (When the laser printer is incorporated in a facsimile apparatus, the section 1 transfers the image data 
between the section 2 and the data receiving/ transmitting section of the facsimile apparatus.) 

The control section 2 supplies the Image data to the image memory 3. The memory 3 has storage capacity 
15 great enough to store at least one page of data. Every time the memory 3 stores one page of data, the one-page 
data is read from the memory 3 and supplied to the shift register 4 under the control of the control section 2. 

The shift register 4 is a 3-bit one. which shifts the input data, bit by bit, in response to the pulses fonming 
the image data, which are used as transfer clock pulses. The shift register 4 outputs three bits Qo, Qi and Q2 
simultaneously to the emission-time setting section 5. In other words, the register samples every three bits of 
20 the image data, which represents three consecutive pixels to be formed on the photosensitive drum 7 and be 
aligned in the horizontal direction, i.e., the direction of the main scanning of the drum 7. 

The bit Qi Is supplied to the LSU 6 as pixel signal representing the pixel conresponding to the bit Qi. 

The emission-time setting section 5 has a ROM (not shown) storing data items showing reference 3-bit pat 
terns. The section 5 detects a 3-pixel patterns from the values of the three bits Qo, Qi and Q2 supplied from 
25 the shift register 4, and outputs an emission-time signal SA to the LSU 6. The signal SA represents the time 
for which the LSU 6 is driven to print the pixel conresponding to the bit Q^ 

As is evident from Fig. 4, the LSU 6 comprises a laser diode 62, a collimator lens 63, an electric motor 64, 
a polygon mirror 65, an f-9 lens 66, a drive section 67. Upon receipt of the pbcel signal SB from the shift register 

4, the drive section 67 outputs a drive signal SC which is a pulse having the width conresponding the emission 
30 time represented by the signal SA output by the time-emission setting section 5. The drive signal SC is supplied 

to the laser diode 62. Driven by the signal SC, the diode 62 emits a laser beam 61 for the time set by the section 

5. The beam 61 is applied to the collimator lens 63, which converges the beam 61 into a laser beam having a 
predetenmined diameter. The beam from the collimator 63 is applied to the polygon mirror 65 being rotated by 
the motor 64 at a constant speed. The minror 65 reflects the beam and applies it to the f-0 lens 66. The lens 

35 66 applies the beam to the photosensitive drum 7, achieving a uniform-speed scanning of the drum 7 and fonm- 
ing a latent pixel image on the drum 7. 

Various devices (not shown), such as a drum-charging device, an image-developing device, an image- 
transfem'ng device, an image-fixing device, a drum-cleaning device ~ all being of the known types -are located 
around the photosensitive drum 7. Equipped with these devices, the laser printer shown in Fig. 4 is an 
40 electrophotographic printer of so-called "reverse developing type." 

The operation of the laser printer will now be explained, with reference to Figs. 5, 6 and 7. 
First, the image data stored in the image memory 3 is input to the shift register 4, bit by bit, under the control 
of the control section 2. Every time the image data is shifted by one bit in the register 4, three consecutive bits 
Qo, Qi and Q2 are supplied to the emission-time setting section 5. and the bit Qi is supplied as a pixel signal 
45 SB to the drive section 67. 

Whenever the bit Qi is "1 thus representing a black pixel, the emission-time setting section 5 detects the 
3-pixel pattern defined by the bits Qo, Qi and Q2,from the values of these bits Qo, Qi and Q2 which represents 
three consecutive pixels arranged in the horizontal direction (i.e., the main scanning direction). When the bit 
Qi is "1," the three bits Qo, Qi and Q2 can define the following four 3-pixel patterns: 
50 Pattern 1 : Only the middle pixel is black, as is shown at (a) in Fig. 5. 

Pattern 2: The middle and left pixels are black, as is shown at (b) in Fig. 5. 
Pattern 3: The middle and right pixels are black, as is shown at (c) in Fig. 5. 
Pattern 4: All three pixels are black, as is shown at (d) in Fig. 5. 

When the section 5 detects the 3-pixel pattern 1 , it outputs a signal SA representing a beanrvemission period 
55 Ta. When it detects the 3-pixel pattern 2 or 3, it generates a signal SA representing a beam-emission period 
Tb. When it detects the 3-pixel pattern 4, it outputs a signal SA representing a beam-emission period Tc. 

As is shown in Fig. 6, the drive section 67 outputs, in response to the signal SA representing the period 
Ta, a drive signal SC which is at a high level for the period Ta; it outputs, In response to the signal SA repre- 
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senting the period Tb, a drive signal SC which is at a high level for the period Tb; it outputs, in response to the 
signal SA showing the period Tc, a drive signal SC which is at a high level for the period Tc- Here, Ta < Tb < 
Tc = Ti. The period Tc is equal to a one-pixel scanning period Ti in the present embodiments. 

When driven for the shortest period Ta, the laser diode 62 emits a laser beam for this period Ta, whereby 

5 a pixel is formed on the drum 7, which is small and located well within the one-pixel region. When driven for 
the longer period Tb, the laser diode 62 emits a laser beam for the period Tb, whereby a pixel is fonned on the 
drum 7, which is circumscribed by the one-pbcel region, as is shown in at (a) in Fig. 3. When driven for the longest 
period Tc, the laser diode 62 emits a laser beam for this period Tc, whereby a pixel is formed on the drum 7, 
which is large, circumscribing the one-pixel region, as is shown at (a) in Fig. 2. 

10 To print a quasi-gray image or complex characters, which are defined by discrete black pixels, the laser 
diode 62 is repeatedly driven, each time for the period TAorTsand emitting a laser beam for this period, whereby 
disaete black pixels, each located well within or circumscribed by the one-pbcel region, are formed ultimately 
on a printing medium. The black pixels, thus fonned, define a clear-cut quasi-gray image or distinct characters. 
On the other hand, to print a true black image, which is defined by overlapping black pixels, the laser diode 

15 62 is repeatedly driven, each time for the period Tc (i.e., one-pixel scanning period Ti) and emitting for the period 
To, whereby black pixels, each circumscribing the one-pixel region and overiapping another, are fomried ulti- 
mately on a printing medium. The black pixels, thus formed, define a true black image. 

A pattern of three consecutive pixels is recognized in the present embodiment. Then when either one of 
right and left side pixels in the pattern having more than three consecutive pixels is detected, the condition of 

20 the end pixels is discriminated as two consecutive black pixels. As a result, a black pixel of which size is smaller 
than that obtained in three consecutive pixels Is fomned, thereby obtaining a true black image of Fig. 7 as appa- 
rent from Fig. 7, the size of the black pixels at right and left side is smaller than that of the other black pixels. 
In such an image, the boundary between the true black image and white portion sunrounding the two black image 
can be cleariy recognized when it is observed by eyes. The printed condition can, therefore, be improved. 

25 

Second Embodiment 

Fig. 8 illustrates a thennal printer which is a second embodiment of the present invention. As Fig. 8 shows, 
the thermal printer comprises a head controller 10, an enable signal generator 20, an image data processing 

30 section 30, a head driver 40, and a thermal print head 50. 

The head controller 10 is connected to an external device (not shown). (When the thermal printer is incor- 
porated in a facsimile apparatus, the head controller 10 is connected to the image data between the section 2 
and the data receiving/transmitting section of the facsimile apparatus.) The head controller 10 receives image 
data from the external device and supplies the data to the image data processing section 30. It generates timing 

35 signals, latch signals, and clock signals - all synchronous with the pixel signals forming the image data. The 
timing signals are supplied to the enable signal generator 20. The latch signals and the clock signals are sup- 
plied to the image data processing section 30. 

The enable signal generator 20 generates enable signals from the timing signals produced by the head 
controller 10, and supplies the enable signals (later described) to the head driver 40. 

40 The image processing section 30 comprises a shift register 31, a power-supply time setting device 32, a 
line memory 33, and an output controller 34. The shift register 31 is a 3-bit register, and shifts the input data, 
bit by bit, in response to the pulses fonming the image data, which are used as transfer dock pulses. The shift 
register 4 outputs three bits Qo, Qi and Q2 simultaneously to the power-supply time setting device 32. In other 
words, the shift register 31 samples every three bits of the image data, which represents three consecutive 

45 pixels to be fonmed on a printing medium and be aligned in the horizontal direction. The power-supply time set- 
ting device 32 has a ROM, and outputs a 3-bit data item consisting of the bits Qo, Qi and Q2 simultaneously 
output from the shift register 31 . The 3-bit data item is stored into the line memory 33. The line memory 33 has 
capacity of storing n 3-bit data items, where n is the number of pixels fomning one horizontal line. The output 
controller 34 controls the line memory 33 in accordance with the clock signal and the latch signal supplied from 

50 the head controller 10, causing the line memory 33 to output pixel bits, one by one. 

The head driver 40 comprises a shift register 41 , a latch circuit 42, two-input AND gates 43-1, 43-2, 
43-n, and switching amplifiers 44-1 , 44-2, 44-n. The register 41 is an n-bit shift register. It holds and shifts 
the pixel bits output by the line memory 33, and supplies n pixel bits Qo to Qn simultaneously to the latch circuit 
42 in response to a clock signal CK supplied from the head controller 10. The latch circuit 42 receives and holds 

55 the n pixel bits Qo to Qp supplied from the shift register 41 , in response to a latch signal LA supplied from the 
head controller 10. The pixel bits Qo to Qn are output from the latch circuit 42 and supplied to the AND gates 
43-1 to 43-n, respectively, at their first input terminals. The other input tenmlnal of each AND gate is coupled 
to the enable signal generator 20, thus receiving the enable signal EN therefrom. The outputs of the AND gates 
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43-1 to 43-n are connected to the switching amplifiers 44-1 to 44-n, respectively. Hence, the AND gates 43-1 
to 43-n supply the pixel bits Qoto Qn to the switching amplifiers 44-1 to 44-n, respectively, only while the enable 
signal EN remains at a high level. The outputs of the switching amplifiers 44-1 to 44-n are connected to the 
heating resistors R-1 to R-n incorporated in the thennal print head 50. Each switching amplifier applies a voltage 
5 of 24V to the heating resistor as long as the input signal remains at the high level. 

The operation of the thermal printer shown in Fig. 8 will now be explained, with reference to the timing chart 
of Fig. 9. 

First, image data is supplied from the external device to the head controller 10. The head controller 10 sup- 
plies the image data to the image data processing section 30, and generates a timing signal, a clock signal 
10 CK, and a latch signal LA The timing signal is input to the enable signal generator 20, the clock signal CK is 
supplied to the output controller 34 and the shift register 41, and the latch circuit LA is supplied to the output 
controller 34 and the latch circuit 42. 

Upon receipt of the timing sig nal, the enable signal generator 20 generates an enable signal EN. The enable 
signal EN is supplied to the second input tenminals of the AND gates 43-1 to 43-n. 
15 In the image processing section 30, the shift register 31 outputs three bits Qo, Qi and Q2 for each pixel bit, 
simultaneously, to the power-supply time setting device 32. These bits Qo, Qi and Q2 represent three consecu- 
tive pixels to be fomned on a printing medium and be aligned in the horizontal direction. The power-supply time 
setting device 32 outputs a 3-bit data item which represents the combination of the bits Qq, Qi and Q2, in tenms 
of the values thereof. More specifically, the device 32 produces 3-bit data items in the following scheme: 
20 1. When the bits Qq, Qi and Q2 are "0", "1" and "0", respectively, the device 32 produces a 3-bit data of 
"001." 

2. When the bits Qo, Qi and Q2 are "1", "1" and "0", respectively, the device 32 produces a 3-bit data of 
"010." 

3. When the bits Qo, Qi and Q2 are "0", "1" and T, respectively, the device 32 produces a 3-bit data of 

25 "010." 

4. When the bits Qo, Qi and Q2 are "1", "1" and T, respectively, the device 32 produces a 3-bit data of 
"100." 

5. When the bit Qi is "0". the device 32 produces a 3-bit data of "000." 

The 3-bit data item is stored into the line memory 33. As the shift register 31 sequentially inputs other 3-bit 
30 pixel data items, each consisting of the bits Qo, Qi and Q2, to the power-supply time setting device 32, the device 
32 outputs other 3-bit data items, each for one pixel bit These 3-bit data items are stored into the line memory 
33, one after another. 

In accordance with the clock signal CK, the output controller 34 control the line memory 33, whereby only 
the first bit (i.e., the least significant bit) of each 3-bit data item is read from the memory 33. The first bit of each 
35 3-bit data item is supplied to the head driver 40. 

In the head driver 40, n bits read from the line memory 33, each being the first bit of each 3-bit data item, 
are stored into the shift register 41, one after another, during the period I as is shown in Fig. 9. When the last 
of these n bits is stored into the register 41, the head controller 10 outputs a latch signal pulse II having a pre- 
determined width, as can be understood from Fig. 9. This pulse II is supplied to the latch circuit 42 and also to 
40 the output controller 34. In response to the pulse II, the latch circuit 42 receives and holds the n bits from the 
shift register 41. 

In response to the latch signal pulse II, the output controller 34 controls the line memory 33, whereby only 
the second bit (I.e., the second least significant bit) of each 3-bit data item is read from the memory 33. As a 
result, n bits, each being the second bit of each 3-bit data item stored in the memory 33, are Input to the shift 
45 register 41 , one after another, during the period III as is shown in Fig. 9. 

The enable signal generator 20 generates an enable signal pulse in response to the timing signal supplied 
from the head controller 10, upon lapse of a predetermined time from the trailing edge of each latch signal pulse, 
as can be understood from Fig. 9. Hence, the generator 20 generates an enable signal pulse IV having a width 
Ta upon lapse of said time from the trailing edge of the latch signal pulse II. This pulse IV Is supplied to the 
50 second input temfiinal of each AND gate. 

In the meantime, the n bits Q© to Qn held in the latch circuit 42, each being the first bit of each 3-bit data 
item stored in the line memory 33, are input to the AND gates 43-1 to 43-n, respectively. Hence, any AND gate, 
whose first input terminal receives a "1" bit which indicates that only the middle of the three consecutive pixels 
is black, is on for the period Ta, i.e., the width of the enable signal pulse IV. As a result, the switching amplifier 
55 coupled to such AND gate is tumed on for the same period Ta, applying the voltage (24V) to the corresponding 
heating resistor of the themial print head 50. 

When the last of the n bits, each being the second bit of each 3-bit data item stored in the line memory 33, 
is input to the shift register 41 , the head controller 1 0 outputs a latch signal pulse V as is shown in Fig. 9. The 
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pulse V is supplied to the output controller 34 and the latch circuit 41. In response to this pulse V, the latch 
circuit 42 receives and holds the n bits from the shift register 41. 

In response to the latch signal pulse V, the output controller 34 controls the line memory 33, whereby only 
the third bit (I.e., the most significant bit) of each 3-bit data item is read from the memory 33. As a result, n bits, 
5 each being the third bit of each 3-bit data item stored in the memory 33, are input to the shift register 41 , one 
after another, during the period VI as is shown in Fig. 9. 

Upon lapse of the predetermined time from the trailing edge of the latch signal pulse V, the generator 20 
generates an enable signal pulse VII having a width Tb. This pulse Vil is supplied to the second input terminal 
of each AND gate. 

10 Meanwhile, the n bits Qo to Qn held in the latch circuit 42, each being the second bit of each 3-bit data item 
stored in the line memory 33, are input to the AND gates 43-1 to 43-n. respectively. Hence, any AND gate, 
whose first input terminal receives a "1" bit which indicates that the middle and left or right of the three con- 
secutive pixels are black, is on for the period Tb, i.e., the width of the enable signal pulse VII. The switching 
amplifier coupled to such AND gate is thereby turned on for the same period Tb, applying the voltage (24V) to 

15 the corresponding heating resistor of the thermal print head 50. 

When the last of the n bits, each being the third bit of each 3-bit data item stored in the line memory 33, is 
input to the shift register 41, the head controller 10 outputs a latch signal pulse VIII as is shown in Fig. 9. The 
pulse VIII is supplied to the output controller 34 and the latch circuit 41. In response to this pulse VIII, the latch 
circuit 42 receives and holds the n bits from the shift register 41 . 

20 In response to the latch signal pulse VIII, the output controller 34 controls the line memory 33, whereby 
only the first bit (i.e., the least significant bit) of each 3-blt data item of the next one-line data is read from the 
memory 33. As a result, n bits, each being the first bit of each 3-bit data item stored in the menrvory 33, are 
input to the shift register 41, one after another. 

Upon lapse of the predetermined time from the trailing edge of the latch signal pulse VIII, the generator 20 

25 generates an enable signal pulse XI having a width Tc. This pulse XI is supplied to the second input terminal 
of each AND gate. 

In the meantime, the n bits Qo to held in the latch circuit 42, each being the third bit of each 3-bit data 
item stored in the line memory 33, are input to the AND gates 43-1 to 43-n, respectively. Hence, any AND gate, 
whose first Input tenminal receives a "1" bit which indicates that the three consecutive pixels are black, is on 

30 for the period Tc, i.e., the width of the enable signal pulse XI. The switching amplifier coupled to such AND 
gate is thereby turned on for the same period Tc applying the voltage (24V) to the conresponding heating resistor 
of the thenmal print head 50. 

The enable signal generator 20 cyclically generates three pulses having widths Ta, Tb and Tc, where Ta < 
Tb < Tc- The widths Ta, Tb and Tc defines periods Ta, Tb and Tc, during which the heating the switching 

35 amplifiers 44-1 to 44-n apply the drive voltage to the heating resistors R-1 to R-n of the themrial print head 50. 
The image data processing section 30 processes other one-line data items sequentially supplied from the 
head controller 10, in the specific way explained above. The head driver 40 drives the thenmal print head 50 
in the manner described above, in accordance with the signals CK and UK supplied from the head controller 
10 and also in accordance with the enable signals EN generated by the enable signal generator 20. 

40 As has been described, the 3-bit data output by the power-supply time setting section 32 is "001" when 
only the middle one of three consecutive pixels is black, is "010" when the middle one and left or right one of 
three consecutive pixels are black, is "100" when all consecutive three pixels are black, and is "000" when the 
middle one of the three consecutive pixels is white. In other words, only the first bit of the 3-bit data output by 
the device 32 is "1" when the middle pbcel is black, only the second bit thereof is "1" when the middle pbcel and 

45 the left or right pixel are black, only the third bit thereof is "1 " when all three pixels are black, and none of the 
three bits are "1" when the middle pixel is white. 

Thus, when only the middle pixel is black, the heating resistor is driven for the period Ta, printing a small 
black pixel located well within the one-pixel region. When the middle pixel and the left for right pixel are black, 
the heating resistor is driven for the period Tb longer than the period Ta, thereby printing a black pixel cir- 

50 cumscribed by the one-pixel region, as is shown at (a) in fig. 3. When all three pixels are black, the heating 
resistor is driven for the period Tc longer than the period Tb, thus printing a black pixel circumscribing the one- 
pixel region, as is illustrated at (a) in Fig. 2. When the middle pixel is white, no voltage is applied to the heating 
resistor since none of the three bits are "1," and the resistor prints no black pixel. 

When the heating resistors R-1 to R-n are repeatedly driven, each time for the period Ta or Ta, discrete 

55 black pixels, each located well within or circunnscribed by the one-pixel region, will be fonmed on a printing 
medium, defining a clear-cut quasi-gray Image or distinct characters. 

On the other hand, when the heating resistors R-1 to R-n are repeatedly driven, each time for the period 
Tc, overiapping black pixels, each circumscribing the one-pbcet region, will be fonmed on a printing medium, 

9 


EP 0 476 863 A1 

defining a true black image. 
Third Embodiment 

5 Fig. 10 illustrates a laser printer which is a third embodiment of the present invention and which is similar 
to the laser printer shown in Fig. 4. Some of the components of this printer, which are identical to those shown 
in Fig. 4 are designated at the same numerals in Fig. 10 and will not be described In detail. 

As is evident from Fig. 10, the laser printer comprises an interface section 1, a control section 2, an image 
memory 3, a laser scanner unit (LSU) 6, a photosensitive drum 7, three shift registers 104a, 10b and 104c, 

10 and an emission-time setting section 105. 

The shift registers 104a, 104b and 104c are each an n-bit shift register, where n is the number of pixels 
which form a one-line image. They shift the input data, bit by bit, in response to the transfer dock pulses, i.e., 
the pulses fomning the image data supplied to the interface section 1. These registers 104a, 104b and 104c 
are connected in series. Hence, the output of the register 104a is input to the register 1 04b, and the output of 

15 the register 1 04b is input to the register 1 04c. Every time the one-line image data items are shifted by one bit 
in the registers 1 04a. 1 04b and 1 04c, these registers output three bits Qa, Qb and Qc, respectively. These three 
bits represent three consecutive pixels to be printed in the vertical direction, i.e., the sub-scanning direction. 
In other words, the shift registers 104a. 104b and 104c cooperate to sample every three bits of the image data, 
which represent three consecutive pbcels to be fomried on the photosensitive dojm 7 and be aligned in the ver- 

20 deal direction, or the direction of the sub-scanning of the drum 7. 

The three bits Q^, Qb and Qc output from the registers 104a, 104b and 104c, respectively, are supplied to 
the emission-time setting section 105. Of these three bits, the bit Qb, i.e., the output of the register 104b, is 
supplied to the drive section 67 of the LSU 6 since the output of the register 104b is connected to the drive 
section 67. 

25 The emission-time setting section 1 05 has a ROM (not shown) storing the data table shown in Fig. 1 1 . The 
section 5 detects one of the four 3-pixel patterns shown in Fig. 12, firom the values of the three bits Qa, Qb and 
Qc supplied from the shift registers 104a, 104b and 104c, and outputs an emission-time signal SA to the LSU 
6. The signal SA represents the time for which the LSU 6 is driven to print the pixel con-esponding to the bit 
Qb. 

30 As in the laser beam shown in Fig. 4, various devices (not shown), such as a drunvcharglng device, an 
image-developing device, an image-transferring device, an image-fixing device, a drum-cleaning device - all 
being of the known types - are located around the photosensitive drum 7. 

The operation of the laser printer shown in Fig. 10 will now be explained, with reference to Fig. 11 through 
Fig. 15. 

35 At first, the shift registers 104a, 104b and 104c are empty. Then, the Image data is supplied to the shift 
register 104a, hence to the shift register 104b, and further to the shift register 104c. Thus, the image data is 
shifted, bit by bit, through the registers 104a, 104b and 104c under the control of the control section 2. As has 
been described, the shift registers 104a, 1 04b and 104c are each an n-bit register, capable of storing a one-line 
data, and are connected in series. Hence, when the shift register 104a starts receiving the third one-line data, 

40 the shift register 1 04b starts outputting the first one-line data to the drive section 67, bit by bit, each being being 
a pixel SB. 

The drive section 67 drives the laser diode 62 incorporated in the LSU 6 in accordance with the data output 
from the shift register 104b. Meanwhile, the emission-time setting section 105 receives the three bits Qa, Qb 
and Qc from the registers 104a, 1 04b and 104c, detects the 3-plxel pattern from these bits Qa, Qb and Qc, and 

45 and output an emission-time signal SA which corresponds to one of the data items stored in the ROM. The 
signal SA is supplied to the drive section 67. 

More specifically, the emission-time setting section 105 detects the 3-pixel pattern defined by the bits Qa, 
Qb and Qc, from the values of these bits which represents three consecutive pixels aaanged in the vertical direc- 
tion (i.e., the sub-scanning direction). When the bit Qb is "1 ," the three bits Qa, Qb and Qc can define the following 

50 four 3-pixel pattems: 

Pattern 1 : Only the middle pixel is black, as is shown at (a) in Fig. 12. 
Pattern 2: The middle and upper pbcels are black, as is shown at (b) in Fig. 12. 
Pattern 3: The middle and lower pixels are black, as is shown at (c) in Fig. 12. 
Pattern 4: All three pbcels are black, as is shown at (d) in Fig. 12. 

55 When the section 105 detects the 3-pixel pattern 1. it data item A (Fig. 1 1) and outputs a signal SA repre- 
senting a beam-emission period Ta. When It detects the 3-pixel pattern 2 or 3, it selects data item B and gen- 
erates a signal SA representing a beam-emission period Tg. When it detects the 3-pixel pattern 4, it selects 
data item C and outputs a signal SA representing a beam-emission period Tc. 
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As is shown in Fig. 13, the drive section 67 outputs, in response to the signal SA representing the period 
Ta, a drive signal SC which is at a high level for the period Ta; it outputs, in response to the signal SA repre- 
senting the period Tb, a drive signal SC which is at a high level for the period Tb; it outputs, in response to the 
signal SA showing the period Tc, a drive signal SC which is at a high level for the period Tc- Here. Ta < Tb < 

5 Tc = T^ The period Tc is equal to a one-pixel scanning period Tt in the present embodiments. 

When driven for the shortest period Ta, the laser diode 62 emits a laser beam for this period Ta. whereby 
a pixel is formed on the drum 7, which is small and located well within the one-pbcel region as is shown at (a) 
in Fig. 14. When driven for the longer period Tb, the laser diode 62 emits a laser beam for the period Tb, whereby 
a pixel is fonned on the drum 7, which is circumscribed by the one-pixel region, as is shown in at (b) in Fig. 14. 

10 When driven for the longest period Tq, the laser diode 62 emits a laser beam for this period Tc, whereby a pixel 
is formed on the drum 7, which is large, circumscribing the one-pixel region, as is shown at (c) in Fig. 14. 

To print a quasi-gray image or complex characters, which are defined by discrete black pixels, the laser 
diode 62 is repeatedly driven, each time for the period TAorTa and emitting a laser beam for this period, whereby 
discrete black pixels, each located well within or circumscribed by the one-pixel region, are fomned ultimately 

15 on a printing medium. The black pixels, thus formed, define a clear-cut quasi-gray image or distinct characters. 
On the other hand, to print a true black image, which is defined by overlapping black pixels, the laser diode 
62 is repeatedly driven, each time for the period Tc (i.e., one-pixel scanning period Ti) and emitting for the period 
Tc, whereby black pixels, each circumscribing the one-pixel region and overiapping another, are fomned ulti- 
mately on a printing medium. The black pixels, thus fonned, define a true black image. 

20 A pattern of three consecutive pixels is recognized in the present embodiment. Then when either one of 
upper and lower side pixels in the pattern having more than three consecutive pixels is detected, the condition 
of the end pixels is discriminated as two consecutive black pixels. As a result, a black pixel of which size is 
smaller than that obtained in three consecutive pbcels is fomned, thereby obtaining a true black image of Fig. 
15 as apparent from Fig. 15, the size of the black pixels at upper and lower side is smaller than that of the other 

25 black pixels. In such as image, the boundary between the true black image and white portion surrounding the 
two black image can be cleariy recognized when it is observed by eyes. The printed condition can, therefore, 
be improved. 

Fourth Embodiment 

30 

Fig. 1 6 illustrates a thenmal printer which is a fourth embodiment of the present invention. As Fig. 16 shows, 
the themrial printer comprises a head controller 1 0, an enable signal generator 20, a head driver 40, a themnal 
print head 50, and an image data processing section 130. All the components, except for the section 130, are 
identical in both structure and function to those designated at the same reference numerals in Fig. 8. 

35 The image processing section 130 comprises three shift registers 1 31a, 131b, 131c, a power-supply time 
setting device 132, a line memory 133, and an output controller 134. 

The shift registers 131a, 131b and 131c are each an n-bit shift register, where n is the number of pixels 
which fonm a one-line image. They shift the input data, bit by bit, in response to the transfer clock pulses, i.e., 
the pulses fonming the image data supplied from the head controller 10. These registers 131a, 131 b and 131c 

40 are connected in series. Hence, the output of the register 131 a is input to the register 131b, and the output of 
the register 131b is input to the register 131c. Every time the one-line image data items are shifted by one bit 
in the registers 1 31 a, 1 31 b and 1 31 c, these registers output three bits Qa, Qb and Qc, respectively. These three 
bits represent three consecutive pbtels to be printed in the vertical direction, i.e., the sub-scanning direction. 
In other words, the shift registers 131a, 131b and 131c cooperate to sample every three bits of the image data, 

45 which represent three consecutive pbcels to be formed on a printing medium and be aligned in the vertical direc- 
tion, or the direction of the sub-scanning. 

The three bits Qa, Qb and Qc output from the registers 131a, 131b and 131c, respectively, are supplied to 
the power-supply time setting device 132. 

The power-supply time setting device 1 32 has a ROM (not shown), and outputs a 3-bit data Item consisting 

50 of the bits Qa, Qb and Qc output from the shift registers 131a, 131b and 131c. The 3-bit data item is stored into 
the line memory 133. The line memory 133 has capacity of n 3-bit data items, where n is the number of pixels 
fonming one horizontal line. The output controller 1 34 controls the line memory 133 in accordance with the dock 
signal and the latch signal supplied from the head controller 10, causing the line memory 133 to output pixel 
bits, one by one. 

55 The operation of the thermal printer shown in Fig. 16 will now be explained, with reference to the timing 
chart of Fig. 17. 

First, image data is supplied from the external device to the head controller 10. The head controller 10 sup- 
plies the image data to the image data processing section 130, and generates a timing signal, a clock signal 
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CK, and a latch signal LA. The timing signal is input to the enable signal generator 20, the clock signal CK is 
supplied to the output controller 134 and the shift register 41 incorporated in the head driver 40, and the latch 
circuit lA is supplied to the output controller 134 and the latch circuit 42 incorporated in the head driver 40. 
Upon receipt of the timing signal, the enable signal generator 20 generates an enable signal EN. The enable 
5 signal EN is supplied to the second input temninals of the AND gates 43-1 to 43-n incorporated in the head 
driver 40. 

In the image processing section 130, the shift registers 131a, 131 b and 131c output three bits Qa, Qb and 
Qc for each pixel bit, to the power-supply time setting device 132. These bits Qa, Qb and Qc represent three 
consecutive pixels to be fomried on a printing medium and be aligned in the vertical direction, i.e., sub-scanning 
10 direction. The power-supply time setting device 1 32 outputs a 3-bit data item which represents the combination 
of the bits Qq, Qi and Q2, in terms of the values thereof. More specifically, the device 132 produces 3-bit data 
items in the following scheme: 

1. When the three bits are "0", T and "0", indicating that only the middle pbcel is black as is shown at (a) 

in Fig. 12, the device 132 produces a 3-bit data of "001." 
15 2. When the three bits are "1 "1 " and "0", indicating that the middle and upper pixels are black as is shown 

at (b) in Fig. 12, the device 1 32 produces a 3-bit data of "010." 

3. When the three bits are "0", "1" and "1", indicating that the middle and the lower pixels are black as is 
shown at (c) in Fig. 12, the device 132 produces a 3-bit data of "010." 

4. When the three bits are "1", "1" and "1". indicating that all three pbcels are black as is shown at (d) in 
20 Fig. 12, the device 132 produces a 3-bit data of "100." 

5. When the bit QB is "0", indicating that the middle pixel is white, the device 132 produces a 3-bit data of 
"000." 

The 3-bit data item is stored into the line memory 133. As each of the shift registers 131a, 131b and 131c 
sequentially inputs other bits to the power-supply time setting device 132. the device 132 outputs other 3-bit 
25 data items, each for one pixel bit These 3-bit data items are stored into the line memory 1 33, one after another. 

In accordance with the clock signal CK, the output controller 134 control the line memory 133, whereby 
only the first bit (i.e., the least significant bit) of each 3-bit data item is read from the memory 133. ,The first bit 
of each 3-bit data item is supplied to the head driver 40. 

In the head driver 40, n bits read from the line memory 133, each being the first bit of each 3-bit data item, 
30 are stored into the shift register 41 , one after another, during the period I as is shown in Fig. 17. When the last 
of these n bits is stored into the register 41 , the head controller 10 outputs a latch signal pulse II having a pre- 
determined width, as can be understood from Fig. 9. This pulse II is supplied to the latch circuit 42 and also to 
ttie output controller 134. In response to the pulse II, the latch circuit 42 receives and holds the n bits from the 
shift register 41. 

35 In response to the latch signal pulse II, the output controller 134 controls the line memory 133. whereby 
only the second bit (i.e., the second least significant bit) of each 3-bit data item is read from the memory 133. 
As a result, n bits, each being the second bit of each 3-bit data item stored in the memory 133, are input to the 
shift register 41, one after another, during the period III as is shown in Fig. 17. 

The enable signal generator 20 generates an enable signal pulse in response to the timing signal supplied 

40 from the head controller 10, upon lapse of a predetermined time from the trailing edge of each latch signal pulse, 
as can be understood from Fig. 17. Hence, the generator 20 generates an enable signal pulse IV having a width 
Ta upon lapse of said time from the trailing edge of the latch signal pulse II. This pulse IV is supplied to the 
second input terminal of each AND gate. 

In the meantime, the n bits Qo to Q^ held in the latch circuit 42, each being the first bit of each 3-bit data 

45 Item stored in the line memory 133, are input to the AND gates 43-1 to 43-n, respectively. Hence, any AND 
gate, whose first input terminal receives a "1" bit which indicates that only the middle of the three consecutive 
pixels is black, is on for the period Ta, i.e., the width of the enable signal pulse IV. As a result, the switching 
amplifier coupled to such AND gate is turned on for the same period Ta, applying the voltage (24V) to the cor- 
responding heating resistor of the themial print head 50. 

50 When the last of the n bits, each being the second bit of each 3-bit data item stored in the line memory 
133, is input to the shift register 41, the head controller 10 outputs a latch signal pulse V as is shown in Fig. 
17. The pulse V is supplied to the output controller 134 and ttie latch circuit41. In response to this pulse V. the 
latch circuit 42 receives and holds the n bits from the shift register 41. 

In response to the latch signal pulse V. the output controller 134 controls the line memory 133, whereby 

55 only the third bit (i.e.. ttie most significant bit) of each 3-bit data item is read from the memory 1 33. As a result, 
n bits, each being the third bit of each 3-bit data item stored in the memory 133, are input to the shift register 
41, one after another, during the period VI as is shown in Fig. 17. 

Upon lapse of the predetermined time from the trailing edge of the latch signal pulse V, the generator 20 
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generates an enable signal pulse VII having a width T3. This pulse VII is supplied to the second input terminal 
of each AND gate. 

Meanwhile, the n bits Qq to Qp held in the latch circuit 42, each being the second bit of each 3-blt data item 
stored in the line memory 133, are input to the AND gates 43-1 to 43-n, respectively. Hence, any AND gate, 
5 whose first input terminal receives a T bit which indicates that the middle and left or right of the three con- 
secutive pixels are black, is on for the period Tb, i.e., the width of the enable signal putse VII. The switching 
amplifier coupled to such AND gate is thereby turned on for the same period Tb, applying the voltage (24V) to 
the corresponding heating resistor of the thermal print head 50. 

When the last of the n bits, each being the third bit of each 3-bit data item stored in the line memory 133, 
10 is input to the shift register 41, the head controller 10 outputs a latch signal pulse VIII as is shown in Fig. 17. 
The pulse VIII is supplied to the output controller 134 and the latch circuit 41. In response to this pulse VIII, the 
latch circuit 42 receives and holds the n bits from the shift register 41. 

In response to the latch signal pulse VIII, the output controller 134 controls the line memory 133, whereby 
only the first bit (i.e., the least significant bit) of each 3-bit data Item of the next one-line data is read from the 
15 memory 133. As a result, n bits, each being the first bit of each 3-bit data item stored in the memory 133, are 
input to the shift register 41, one after another. 

Upon lapse of the predetermined time from the trailing edge of the latch signal pulse VIII, the generator 20 
generates an enable signal pulse XI having a width T^. This pulse XI is supplied to the second input terminal 
of each AND gate. 

20 In the meantime, the n bits Qo to Qn held in the latch circuit 42, each being the third bit of each 3-bit data 
item stored in the line memory 133, are input to the AND gates 43-1 to 43-n, respectively. Hence, any AND 
gate, whose first input terminal receives a "1" bit which indicates that the three consecutive pixels are black, 
is on for the period Tc, i.e., the width of the enable signal pulse XI. The switching amplifier coupled to such 
AND gate Is thereby turned on for the same period Tc applying the voltage (24V) to the corresponding heating 

25 resistor of the thermal print head 50. 

The enable signal generator 20 cyclically generates three pulses having widths Ta, Tb and Tc, where Ta < 
Tb < Tc. The widths Ta, Tb and Tc defines periods Ta, Tb and Tc, during which the heating the switching 
amplifiers 44-1 to 44-n apply the drive voltage to the heating resistors R-1 to R-n of the themnal print head 50. 
The image data processing section 130 processes other one-line data items sequentially supplied from the 

30 head controller 10, in the specific way explained above. The head driver 40 drives the thermal print head 50 
in the manner described above, in accordance with the signals CK and LA supplied from the head controller 
10 and also in accordance with the enable signals EN generated by the enable signal generator 20. 

As has been described, the 3-bit data output by the power-supply time setting device 132 is "00 1*" when 
only the middle one of three consecutive pixels is black, is "010" when the middle one and left or right one of 

35 three consecutive pixels are black, Is "1 00" when all consecutive three pixels are black, and is "000" when the 
middle one of the three consecutive pixels is white. In other words, only the first bit of the 3-bit data output by 
the device 132 is "1" when the middle pixel is black, only the second bit thereof is "1" when the middle pixel 
and the left or right pixel are black, only the third bit thereof is "1" when alt three pbcels are black, and none of 
the three bits are "1" when the middle pixel is white. 

40 Thus, when only the middle pixel is black, the heating resistor is driven for the period Ta, printing a small 
black pixel located well within the one-pixel region. When the middle pixel and the left for right pixel are black, 
the heating resistor is driven for the period Tb longer than the period Ta, thereby printing a black pixel cir- 
cumscribed by the one-pixel region, as is shown at (a) in Fig. 3. When all three pixels are black, the heating 
resistor is driven for the period Tc longer than the period Tb. thus printing a black pixel circumscribing the one- 

45 pixel region, as is illustrated at (a) in Fig. 2. When the middle pixel is white, no voltage is applied to the heating 
resistor since none of the three bits are "1," and the resistor prints no black pixel. 

When the heating resistors R-1 to R-n are repeatedly driven, each time for the period Ta or Tb, discrete 
black pixels, each located well within or circumscribed by the one-pixel region, will be formed on a printing 
medium, defining a clear-cut quasi-gray image or distinct characters. 

50 On the other hand, when the heating resistors R-1 to R-n are repeatedly driven, each time for the period 
Tc, overiapping black pixels, each circumsaibing the one-pixel region, will be formed on a printing medium, 
defining a true black image. 

Fifth Embodiment 

55 

Fig. 18 illustrates a laser printer which is a fffth embodiment of the invention and which is similar to the 
laser printer shown in Fig. 4. Some of the components of this printer, which are identical to those shown in Fig. 
4 are designated at the same numerals in Fig. 18 and will not be described in detail. 
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As is evident from Fig. 18, the laser printer comprises an interface section 1, a control section 2, an image 
nnemory 3, a laser scanner unit (LSU) 6, a photosensitive drum 7, three shift registers 204a, 204b and 204c, 
and an emission-time setting section 205. 

As in the laser beam shown in Fig. 4, various devices (not shown), such as a drum-charging device, an 

5 image-developing device, an image-transferring device, an image-fixing device, a drum-cleaning device - all 
being of the known types - are located around the photosensitive drum 7. 

The shift registers 204a, 204b and 204c are each an n-bit shift register, where m is the number of pixels 
which fomn a one-line image. They shift the input data, bit by bit, in response to the transfer clock pulses, i.e., 
the pulses fonning the image data supplied from the control section 2. These registers 204a, 204b and 204c 

10 are connected in series. Hence, the output of the register 204a is input to the register 204b, and the output of 
the register 204b is input to the register 204c. Every time the one-line image data items are shifted by one bit 
in the registers 204a, 204b and 204c, these registers output three bits Qa, Qb and Qc, respectively, and the 
registers 204b and 204c outputs two bits Qd and Qe which immediately follows and precedes the bit Qb, re- 
spectively. The bits Qa, Qb and Qc represent three consecutive pixels to be printed in the vertical direction, 

15 i.e., the sub-scanning direction. On the other hand, the bits Qb, Qd and Qe represents three consecutive pixels 
to be printed in the horizontal direction, i.e., the main scanning direction. The five pbcels represented by the 
five bits Qa, Qb, Qc» Qd and Qe form a cross, the center of which is defined by the bits Qb. In other words, the 
shift registers 204a, 204b and 204c cooperate to sample every five bits of the image data, which represent a 
cross to be printed on a printing medium. 

20 These five bits Qa, Qb, Qc, Qd and Qe are supplied from the shift registers 294a, 204b and 204c to the 
emission-time setting section 205. Further, of these five bits, the bit Qb is supplied to the drive section 67 incor- 
porated in the LSU 6, as a pbcel signal representing a pixel to be printed. 

The emission-time setting section 205 has a ROM (not shown) which stores the data table shown in Fig. 
19. It detects one of the sixteen 5-pixel patterns shown in Fig. 19, from the values of the bits Qa. Qb, Qc, Qq 

25 and Qe output from the shift registers 204a, 204b and 204c, and outputs an emission-time signal SA to the LSU 
6. The signal SA represents the time for which the LSU 6 is driven to print the pixel conresponding to the bit 
Qa- 

As in the laser beam shown in Fig. 4, various devices (not shown), such as a drunvcharging device, an 
image-developing device, an image-transferring device, an image-fixing device, a drum-cleaning device - all 
30 being of the known types - are located around the photosensitive dojm 7. 

The operation of the laser printer shown in Fig. 18 will now be explained, with reference to Fig. 19 through 
Fig. 23. 

At first, the shift registers 204a, 204b and 204c are empty. Then, the image data is supplied to the shift 
register 204a, hence to the shift register 204b, and further to the shift register 204c. Thus, the image data is 
35 shifted, bit by bit, through the registers 204a, 204b and 204c under the control of the control section 2. As has 
been described, the shift registers 204a. 204b and 204c are each an n-bit register, capable of storing a one-line 
data, and are connected in series. Hence, when the shift register 204a starts receiving the third one-line data, 
the shift register 204b outputs the first bit Qa of the first one-line data to the drive section 67, as pixel signal 
SB. 

40 The drive section 67 drives the laser diode 62 incorporated in the LSU 6 in response to the pixel signal 
SB. Meanwhile, the emission-time setting section 205 receives the five bits Qa. Qb. Qc, Qd and Qe from the 
registers 204a, 204b and 204c, detects the 5-pixeI pattern from these five bits and outputs an emissiontime 
signal SA which corresponds to one of the data items stored in the ROM. The signal SA is supplied to the drive 
section 67. 

45 More specifically, the emission-time setting section 205 detects the 5-pixel pattern defined by the bits Qa, 
Qb, Qc> Qd and Qe from the values of these bits which represents five pixels arranged in the fomn of a cross, 
the center of which Is the pixel represented by the bit Qb. When the bit Qb is "1," the three bits Qa, Qb and Qc 
can define the sixteen 5-pixel patterns (a) to (p) which are illustrated in Fig. 20 which are stored in the ROM. 
The 5-pixel patterns are classified into the following three types: 

50 Type A: Only the center pixel is black, or the center pixel and only another pixel is black. 
Type B: The center pixel and two or three other pixels are black. 
Type C: All five pixels are black. 

When the section 1 05 detects a 5-pixel pattem of type A, it outputs an emission-time signal SA representing 
a beam-emission period Ta- When it detects a 5-pixel pattem of type B, it generates an emission-time signal 

55 SA representing a beam-emission period Tb. When it detects the 5-pixel pattem C, it outputs an emission-time 
signal SA representing a beam-emission period Tc. 

As is shown in the timing chart of Fig. 21 , the drive section 67 outputs a drive signal SO which is at a high 
level for the period Ta, in response to the signal SA representing the period Ta; it outputs, a drive signal SC 
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which is at a high level for the period Tb, in response to the signal SA representing the period Tb; it outputs, a 
drive signal SC which is at a high level for the period Tc, in response to the signal SA showing the period Tq. 
Here, Ta < Tb < Tc. The period Tc is equal to a one-pixel scanning period Ti. 

The drive signal SC is supplied to the laser diode 62 of the LSD 6, thus driving the laser diode 62. When 

5 driven for the shortest period Ta, the laser diode 62 emits a laser beam for this period Ta, whereby a pixel rep- 
resented by the signal SB is fonmed on the drum 7, which is small and circumscribed by the one-pixel region 
as is shown at DA to DL in Fig. 22. When driven for the longer period Tq, the laser diode 62 emits a laser beam 
for the period Tb, whereby a pixel represented by the signal SB is formed on the drum 7, which has a diameter 
longer than the side of the one-pixel region but not long enough to circumscribe the region, as is shown at DM 

10 and DN in Fig. 22. When driven for the longest period Tc, the laser diode 62 emits a laser beam for this period 
Tc, whereby a pbcel is formed on the drum 7, which is large, circumscribing the one-pixel region, as is shown 
at DO in Fig. 14. 

To print a quasi-gray image or complex characters, which are defined by discrete black pbcels, the laser 
diode 62 is repeatedly driven, each time for the period TAorTa and emitting a laser beam for this period, whereby 
15 discrete black pbcels, each circumscribed by the one-pixel region or having a diameter longer than the side of 
the one-pixel region but not long enough to circumscribe the region, are formed ultimately on a printing medium. 
The black pbcels, thus fomied, define a clear-cut quasi-gray image or distinct characters. 

On the other hand, to print a true black image, which is defined by overiapping black pixels, the laser diode 
62 is repeatedly driven, each time for the period Tc (i.e., one-pixel scanning period Ti) and emitting for the period 
20 Tc, whereby black pixels, each circumscribing the one-pixel region and overiapping another, are fonmed ulti- 
mately on a recording medium. The black pixels, thus formed, define a true black image. 

As has been described, the laser diode 62 is driven for the period Tc and fomis a large pixel when the five 
bits Qa, Qb, Qc. Qd and Qe supplied from the shift registers 204a, 204b and 204c are all "1 each representing 
a black pixel, and is driven for the shorter period Ta or Tb and fonms a smaller pixel when any one of the five 
25 bits, except the bits Qb is "0," representing a white pixel. Hence, there can be printed a cleariy outlined, true 
black image, as can be understood from Fig. 23. 

Sixth Embodiment 

30 Fig. 24 illustrates a thermal printer which is a sixth embodiment of the present invention. As Fig. 24 shows, 
the thenmal printer comprises a head controller 1 0, an enable signal generator 20, a head driver 40, a thermal 
print head 50, and an image data processing section 230. All the components, except for the section 230, are 
identical in both structure and function to those designated at the same reference numerals in Fig. 8. 

The image processing section 230 comprises three shift registers 231a, 231 b, 231c, a power-supply time 

35 setting device 232, a line memory 233, and an output controller 234, 

The shift registers 231a, 231b and 231c are each an n-bit shift register, where n is the number of pixels 
which form a one-line image. They shift the input data, bit by bit, in response to the transfer dock pulses, i.e., 
the pulses forming the image data supplied from the head controller 10. These registers 231a, 231 b and 231c 
are connected in series. Hence, the output of the register 231a is input to the register 131b, and the output of 

40 the register 131b is input to the register 131c. Every time the one-line image data items are shifted by one bit 
in the registers 231a, 231b and 231c, these registers output three bits Qa. Qs and Qc, respectively, and the 
registers 231b and 231c outputs two bits Qq and Q^ which immediately follows and precedes the bit Qb, re- 
spectively. The bits Qa, Qb and Qc represent three consecutive pbcels to be printed in the vertical direction, 
i.e., the sub-scanning direction. On the other hand, the bits Qb, Qd and Qe represents three consecutive pixels 

45 to be printed in the horizontal direction, i.e., the main scanning direction. The five pixels represented by the 
five bits Qa, Qb, Qc. Qd and Qe fonm a cross, the center of which is defined by the bits Qb- In other words, the 
shift registers 231a, 231b and 231c cooperate to sample every five bits of the image data, which represent a 
cross to be printed on a printing medium. 

The five bits Qa, Qb, Qc. Qd and Qg simultaneously output from the registers 231 a, 231 b and 231 c are sup- 

50 plied to the power-supply time setting device 232. 

The power-supply time setting device 232 has a ROM (not shown), and outputs a 3-bit data item upon 
receipt of the five bits Qa, Qb. Qc> Qd and Qe simultaneously output from the registers 231a, 231b and 231c. 
The 3-bit data item is stored into the line memory 233. The line memory 233 has capacity of n 3-bit data items, 
where n Is the number of pixels fomriing one horizontal line. The output controller 234 controls the line memory 

55 233 in accordance with the clock signal and the latch signal supplied from the head controller 10, causing the 
line memory 233 to output pixel bits, one by one, as will be explained below in detail. 

The operation of the thenmal printer shown in Fig. 24 will now be explained, with reference to the timing 
chartof Fig. 25. 
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First, image data Is supplied from the external device to the head controller 10. The head controller 10 sup- 
plies the image data to the image data processing section 230. and generates a timing signal, a clock signal 
CK, and a latch signal LA The timing signal is input to the enable signal generator 20, the clock signal CK is 
supplied to the output controller 234 and the shift register 41 incorporated in the head driver 40, and the latch 
5 circuit LA is supplied to the output controller 234 and the latch circuit 42 Incorporated in the head driver 40. 

Upon receipt of the timing signal, the enable signal generator 20 generates an enable signal EN. The enable 
signal EN is supplied to the second input terminals of the AND gates 43-1 to 43-n incorporated in the had driver 
40. 

In the image processing section 230, the shift registers 231a, 231b and 231c simultaneously output five 
10 bits Qa, Qb. Qc> Od and Q^. These five bits represent five pixels fonning a cross, the bits Qa, Qb and Qc rep- 
resenting three consecutive pbcels anranged In the vertical direction (i.e., sub-scanning direction), the bits Qq, 
Qb and Qe representing three consecutive pixels anranged in the horizontal direction (i.e., main scanning direc- 
tion), and the bit Qb representing the center pixel to be printed on a printing medium. The power-supply time 
setting device 232 outputs a 3-bit data item the value of which is detemriined from the values of the five bits 
15 Qa> Qb> Qc* Qd and Qe simultaneously output from the registers 231a, 231b and 231c. More specifically, the 
device 232 produces 3-bit data itenns in the following scheme: 

1 . When only the bit Qb represents a black pixel as is shown at (a) in Fig. 20, or when the bit Qb and another 
bit represent black pbcels as is shown at (b) to (e), the device 2 32 produces a 3-bit data of "001 ." 

2. When the bit Qb and two or three other bits represent black pixels as is shown at (f) to (o) in Fig, 20, the 
20 device 232 produces a 3-blt data of "01 0." 

3. When all five bits Qa, Qb, Qc. Qd and Qe represent black pixels as is shown at (p) in Fig. 20, the device 
232 produces a 3-bit data of "100." 

4. When the Qb represents a white pixel, the device 232 produces a 3-bit data of "000." 

The 3-bit data item is stored into the line memory 233. As each of the shift registers 231a, 231b and 231c 
25 sequentially inputs other bits to the power-supply time setting device 232, the device 232 outputs other S-bit 
data items, each for one pixel bit Qb- These 3-bit data items are stored into the line memory 233, one after 
another. 

In accordance with the clock signal CK, the output controller 234 control the line memory 233, whereby 
only the first bit (i.e., the least significant bit) of each 3-blt data item is read from the memory 233. The first bit 
30 of each 3-bit data item is supplied to the head driver 40. 

In the head driver 40, n bits read from the line memory 233, each being the first bit of each 3-bit data item, 
are stored into the shift register 41 , one after another, during the period 1 as is shown in the timing chart of Fig. 
25. When the last of these n bits is stored into the register 41, the head controller 10 outputs a latch signal 
pulse II having a predetermined width, as can be understood from Fig. 25. This pulse II is supplied to the latch 
35 circuit 42 and also to the output controller 234. In response to the pulse II, the latch circuit 42 receives and 
holds the n bits from the shift register 41 . 

In response to the latch signal pulse II, the output controller 234 controls the line memory 233, whereby 
only the second bit (i.e., the second least significant bit) of each 3-bit data item is read from the memory 233. 
As a result, n bits, each being the second bit of each 3-bit data item stored in the memory 233, are input to the 
40 shift register 41 , one after another, during the period III as Is shown in Fig. 25. 

The enable signal generator 20 generates an enable signal pulse in response to the timing signal supplied 
from the head controller 10, upon lapse of a predeter mined time from the trailing edge of each latch signal 
pulse, as can be understood from Fig. 25. Hence, the generator 20 generates an enable signal pulse IV having 
a width Ta upon lapse of said time from the trailing edge of the latch signal pulse II. This pulse IV is supplied 
45 to the second input tennlnal of each AND gate. 

In the meantime, the n bits Qo to Q^ held in the latch circuit 42, each being the first bit of each 3-bit data 
item stored in the line memory 233, are input to the AND gates 43-1 to 43-n, respectively. Hence, any AND 
gate, whose first input terminal receives a "1" bit which indicates that only the middle of the three consecutive 
pixels is black, is on for the period Ta, i.e., the width of the enable signal pulse IV. As a result, the switching 
50 amplifier coupled to such AND gate is turned on for the same period Ta, applying the voltage (24V) to the cor- 
responding heating resistor of the thermal print head 50. 

When the last of the n bits, each being the second bit of each 3-bit data item stored in the line memory 
233, is input to the shift register 41, the head controller 10 outputs a latch signal pulse V as is shown in Fig. 
25. The pulse V is supplied to the output controller 234 and the latch circuit 41 . In response to this pulse V, the 
55 latch circuit 42 receives and holds the n bits from the shift register 41 . 

In response to the latch signal pulse V, the output controller 234 controls the line memory 233, whereby 
only the third bit (i.e., the most significant bit) of each 3-blt data item is read from the memory 233. As a result, 
n bits, each being the third bit of each 3-bit data item stored in the memory 233, are input to the shift register 
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41, one after another, during the period VI as is shown in the timing chart of Fig. 25. 

Upon lapse of the predetermined time from the trailing edge of the latch signal pulse V, the generator 20 
generates an enable signal pulse VII having a width Tb. This pulse VII is supplied to the second input terminal 
of each AND gate. 

5 Meanwhile, the n bits Qq to Qn held in the latch circuit 42, each being the second bit of each 3-bit data Item 
stored in the line memory 33, are input to the AND gates 43-1 to 43-n, respectively. Hence, any AND gate, 
whose first input tenninal receives a "1" bit which indicates that the middle and left or right of the three con- 
secutive pixels are black, is on for the period Tb, i.e., the width of the enable signal pulse VII. The switching 
amplifier coupled to such AND gate is thereby tumed on for the same period Tb, applying the voltage (24V) to 

10 the corresponding heating resistor of the thermal print head 50. 

When the last of the n bits, each being the third bit of each 3-bit data item stored In the line memory 233, 
is input to the shift register 41, the head controller 10 outputs a latch signal pulse VIII as is shown in Fig. 25. 
The pulse VIII is supplied to the output controller 234 and the latch circuit 41 . In response to this pulse VIII, the 
latch circuit 42 receives and holds the n bits from the shift register 41 . 

15 In response to the latch signal pulse VIII, the output controller 234 controls the line memory 233, whereby 
only the first bit (i.e., the least significant bit) of each 3-bit data item of the next one-line data is read from the 
memory 233. As a result, n bits, each being the first bit of each 3-bit data item stored In the memory 233, are 
input to the shift register 41, one after another. 

Upon lapse of the predetemnined time from the trailing edge of the latch signal pulse VIII, the generator 20 

20 generates an enable signal pulse XI having a width Tq. This pulse XI is supplied to the second input tenninal 
of each AND gate. 

In the meantime, the n bits Qo to Qn held in the latch circuit 42, each being the third bit of each 3-bit data 
item stored in the line memory 233, are input to the AND gates 43-1 to 43-n, respectively. Hence, any AND 
gate, whose first input temfiinal receives a "1" bit which indicates that the three consecutive pixels are black, 
25 is on for the period Tc, i.e., the width of the enable signal pulse XI. The switching amplifier coupled to such 
AND gate is thereby tumed on for the same period Tc applying the voltage (24V) to the conBsponding heating 
resistor of the thermal print head 50. 

The enable signal generator 20 cyclically generates three pulses having widths Ta, Tb and Tc, where Ta < 
Tb < Tc- The widths Ta, Tb and Tc defines periods Ta, Tb and Tc, during which the heating the switching 
30 amplifiers 44-1 to 44-n apply the drive voltage to the heating resistors R-1 to R-n of the thenmal print head 50. 
The image data processing section 230 processes any other one-line data items sequentially supplied from 
the head controller 10, three data items at a time, in the specific way explained above. The head driver 40 drives 
the thennnal print head 50 in the manner described above, in accordance with the signals CK and LA supplied 
from the head controller 10 and also in accordance with the enable signals EN generated by the enable signal 
35 generator 20. 

As has been described, the 3-bit data output by the power-supply time setting section 232 is "001" when 
only the middle one of the five pixels fomning a cross is black or when the middle one and another of the five 
pixels are black, is "010" when the middle one and two or three others of the five pbcels are black, is "1 00" when 
all five pixels are black, and is "000" when the middle one of the three consecutive pixels is white. In other words, 

40 only the first bit of the 3-bit data output by the device 132 is "1" when the middle pixel is black or when the 
middle pixel and another adjacent pixel are black, only the second bit thereof Is "1 " when the middle pixel and 
two or three adjacent pixels are black, only the third bit thereof is "1" when all five pixels are black, and none 
of the three bits are "1" when the middle pbcel is white. 

Thus, when only the middle pixel is blacker when the middle pixel and another pixel are black, the heafa'ng 

45 resistor is driven for the period TA, printing a small black pixel (DA or DC in Fig. 22) circunnsaibed by the one- 
pixel region. When the middle pixel and two or three adjacent pixels are black, the heating resistor is driven 
for the period Ta longer than the period Ta, thereby printing a black pixel (DM or DN in Fig. 22) having a diameter 
longer than the wide of the one-pixel region but not long enough to circumscribe the region. When all three 
pixels are black, the heating resistor is driven for the period Tc longer than the period Tb, thus printing a black 

50 pixel (DO in Fig. 22) circumscribing the one-pixel region. When the middle pixel is white, no voltage is applied 
to the heating resistor since none of the three bits are "1." and the resistor prints no black pixel. 

When the heating resistors R-1 to R-n are repeatedly driven, each time for the period Ta or Tb, discrete 
black pixels, each located well within or circumscribed by the one-pixel region, will be fornied on a printing 
medium, defining a clear-cut quasi-gray image or distinct characters. 

55 On the other hand, when the heating resistors R-1 to R-n are repeatedly driven, each time for the period 
Tc, overiapping black pixels, each circumscribing the one-pixel region, will be formed on a printing medium, 
defining a true black image. 
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Seventh Embodiment 

Fig. 26 illustrates a laser printer which is a seventh embodiment of the invention and which is similar to the 
laser printer shown in Fig. 4. Some of the components of this printer, which are identical to those shown in Fig. 

5 4 are designated at the same numerals in Fig. 26 and will not be described in detail. 

As is evident from Fig. 26, the laser printer comprises an interface section 1, a control section 2, an image 
memory 3, a laser scanner unit (LSU) 6, a photosensitive drum 7, three shift registers 304a, 304b and 304c, 
and an emission-time setting section 305. 

As in the laser beam shown in Fig. 4, various devices (not shown), such as a drunrvcharging device, an 

10 image-developing device, an image-transfenring device, an image-fixing device, a drum-cleaning device - all 
being of the known types - are located around the photosensitive drum 7. 

The shift registers 304a, 304b and 304c are each an n-bit shift register, where n is the number of pixels 
which fomri a one-line image. They shift the input data, bit by bit, in response to the transfer clock pulses, i.e., 
the pulses fonming the image data supplied from the control section 2. These registers 304a, 304b and 304c 

15 are connected in series. Hence, the output of the register 304a is input to the register 304b, and the output of 
the register 304b is input to the register 304c. Every time the register 304a, 304b and 304c shift the one-line 
image data items by one bit, they output three bits Qa, Qb and Qc, respectively. At the same time, the register 
304a also outputs two bits Qe and Qq which follows the bit Qa. the register 304b also outputs two bits Qg and 
Qf which follows the bit Qg, and the register 304c also outputs two bits Q| and Qh which follows the bit Qc, as 

20 can be understood from Fig. 26. 

The three bits Qa, Qe and Qd simultaneously output from the shift register 304a represent three consecutive 
ones of the pixels fomiing a first horizontal line, i.e., the pixels ananged in the main scanning line. The three 
bits Qb, Qg and Qp output from the shift register 304b represent three consecutive ones of the pixels forming 
a second horizontal line, i.e., the pixels arranged in the main scanning line. The three bits Qc, Q| and Qh output 

25 from the shift register 304c represent three consecutive ones of the pixels fomning a third horizontal line, i.e., 
the pixels arranged in the main scanning line. Since the shift registers 304a, 304b and 304c, each holding a 
one-line data item, are connected in series, the bits Qa, Qb and Qc output from the registers 304a, 304b and 
304c, represent three consecutive pixels arranged in the vertical direction, i.e., the sub-scanning direction; the 
bits Qe, Qg and Q) output from the registers 304a, 304b and 304c, represent three consecutive pixels arranged 

30 in the vertical direction; and the bits Qd, Qf and Qh output from the registers 304a, 304b and 304c, represent 
three consecutive pixels anranged in the vertical direction. Hence, the nine bits Qa to Qi represent a 3 x 3 pixel 
matrix of the type illustrated in Fig. 27, the bit Qg representing the center pixel of the 3x3 matrix. In other words, 
the shift registers 304a, 304b, and 304c cooperate to sample every nine bits of the image data, which represent 
a 3 x 3 pixel matrix. 

35 These nine bits Qa to Q| are supplied firom the shift registers 304a, 304b and 304c to the emission-time 
setting section 205. Further, of these five bits, the bit Qq is supplied to the drive section 67 incorporated in the 
LSU 6, as a pixel signal representing a pixel to be printed. 

The emission-time setting section 205 has a ROM (not shown) which stores a data table showing various 
9-bit patterns and three periods Ta, Tb and Tq, It detects one of the various patterns which the bits Qa to Q| 

40 define when the bit Qg represents a black pixel, in accordance with the values of the bits Qa to Q| output from 
the shift registers 304a, 304b and 304c. Then, it outputs an emission-time signal SA to the LSU 6. The signal 
SA represents the time for which the LSU 6 is driven to print the pixel corresponding to the bit Qg- 

As in the laser beam shown in Fig. 4, various devices (not shown), such as a drunrvcharging device, an 
image-developing device, an image-transfening device, an image-fixing device, a drum-cleaning device - all 

45 being of the known types - are located around the photosensitive drum 7. 

The operation of the laser printer shown in Fig. 26 will now be explained, with reference to Figs. 28, 29 
and 30. At first, the shift registers 304a, 304b and 304c are empty. Then, the image data is supplied to the shift 
register 304a, hence to the shift register 304b, and further to the shift register 304c. Thus, the image data is 
shifted, bit by bit, through the registers 304a, 304b and 304c under the control of the control section 2. As has 

50 been described, the shift registers 304a, 304b and 304c are each an n-bit register, capable of storing a one-line 
data, and are connected in series. Hence, when the shift register 304a receives the last bit of the second one- 
line data, the shift register 304b outputs the bit Qq, which is supplied to the drive section 67, as pixel signal 
SB. 

The drive section 67 drives the laser diode 62 incorporated in the LSU 6 in response to the pixel signal 
55 SB. Meanwhile, the emission-time setting section 305 receives the five nine Qa to Q| from the registers 304a, 
304b and 304c, detects the 9-pixel pattern from these nine bits, and outputs an emission-time signal SA which 
represents of the periods Ta, Tb and Tc stored in the ROM. The signal SA is supplied to the drive section 67. 
More specifically, the emission-time setting section 305 detects the 9-pixel pattern defined by the bits Qa 
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to Qt, from the values of these bits which represents nine pixels forming a 3x 3 matrix, the center of which is 
the pixel represented by the bit Qq. When the bit Qq is "1 the nine bits Qa to Q| can define 256-pixe! patterns 
(= 2* pattems) which are stored in the ROM. The 9-pixel patterns are classified into the following three types: 
Type A: Only the center pixel Is black, or the center pixel and only another pixel is black. 
5 Type B: The center pixel and three to five other pixels are black. 
Type C: The center pixel and six to eight other pixels are black. 

When the section 205 detects a 9-pixel pattern of type A, it outputs an emission-time signal SA representing 
a beanvemission period TA. When it detects a 9-pixel pattern of type B, it generates an emission-time signal 
SA representing a beam-emission period Tb. When it detects the 9-pixel pattern of pattern 0, it outputs an emis- 
10 sion-time signal SA representing a beam-emission period Tq. 

As is shown in the timing chart of Fig. 28, the drive section 67 outputs a drive signal SO which is at a high 
level for the period Ta, in response to the signal SA representing the period Ta; it outputs, a drive signal SO 
which is at a high level for the period Tq, in response to the signal SA representing the period Tb; it outputs, a 
drive signal SC which is at a high level for the period Tc, in response to the signal SA showing the period Tq. 
15 Here, Ta < Tb < Tc ^ Ti. The period Tq is equal to a one-pbcel scanning period Ti in the present embodiments. 

The drive signal SC is supplied to the laser diode 62 of the LSU 6, thus driving the laser diode 62. When 
driven for the shortest period Ta, the laser diode 62 emits a laser beam for this period Ta, whereby a pixel rep- 
resented by the signal SB is fonmed on the drum 7, which is small and circumscribed by the one-pbcel region 
as is shown at (a), (b) or (c) in Fig. 29. When driven for the longer period Tb, the laser diode 62 emits a laser 
20 beam for the period Tb, whereby a pixel represented by the signal SB is formed on the drum 7, which has a 
diameter longer than the side of theone-pixe! region but not long enough to circumscribe the region, as is shown 
at (d), (e) and (f) in Fig. 29. When driven for the longest period Tc, the laser diode 62 emits a laser beam for 
this period Tc, whereby a pixel is fonned on the drum 7, which is large, circumscribing the one-pixel region, as 
is shown at (g), (h) or (i) in Fig. 29. In Fig. 29, each square indicates a one-pixel region, and any shaded square 
25 indicates a one pixel region in which a black pbcel is printed if any one of the three possible sizes. 

To print a quasi-gray image or complex characters, which are defined by discrete black pixels, the laser 
diode 62 is repeatedly driven, each time for the period Ta or Tg and emitting a laser beam for this period, whereby 
discrete black pixels, each circumscribed by the one-pixel region or having a diameter longer than the side of 
the one-pixel region but not long enough to circumscribe the region, are fonmed ultimately on a printing medium. 
30 The black pixels, thus fonmed, define a clear-cut quasi-gray image or distinct characters. 

On the other hand, to print a true black image, which is defined by overiapping black pixels, the laser diode 
62 is repeatedly driven, each time for the period Tc(i.e., one-pbcel scanning period T^ and emitting for the period 
Tc, whereby black pixels, each circumscribing the one-pixel region and overiapping another, are formed ulti- 
mately on a printing medium. The black pixels, thus formed, define a true black image. 
35 As has been described, the laser diode 62 is driven for the period Tc and fonms a large pixel when sbc or 
more adjacent pixels are black ones, and is driven for the shorter period Ta or Tb and forms a smaller pixel 
when five or less adjacent pixels are black ones. Hence, there can be printed a cleariy outlined, true black 
image, as can be understood from Fig. 30. 

40 Eighth Embodiment 

Fig. 31 illustrates a thermal printer which is a eighth embodiment of the present invention. As Fig. 31 shows, 
the thenmal printer comprises a head controller 1 0, an enable signal generator 20, a head driver 40, a thermal 
print head 50, and an image data processing section 330. All the components, except for the section 330, are 
45 identical in both structure and function to those designated at the same reference numerals in Fig. 8. 

The image processing section 330 comprises three shift registers 331a, 331b, 331c, a power-supply time 
setting device 332, a line memory 333, and an output controller 334. 

The shift registers 331a, 331b and 331c are each an n-bit shift register, where n is the number of pixels 
which fomn a one-line image. They shift the input data, bit by bit, in response to the transfer dock pulses, i.e., 
50 the pulses fonning the image data supplied from the head controller 10. These registers 331a, 331 b and 331c 
are connected in series. Hence, the output of the register 331a is input to the register 331b, and the output of 
the register 331b is input to the register 331c. Every time the one-line image data items are shifted by one bit 
in the registers 331a, 331 b and 331c, these registers output three bits Qa, Qb and Qc, respectively. At the same 
time, the register 331a also outputs two bits and Qo which follows the bit Qa, the register 331 b also outputs 
55 two bits Qq and Qp which follows the bit QB, and the register 331c also outputs two bits Q| and Qh which follows 
the bit Qc, as can be understood from Fig. 31. 

The three bits Qa, Qe and Qq output from the shift register 331a represent three consecutive ones of the 
pixels forming a first horizontal line, i.e.. the pixels arranged in the main scanning line. The three bits Qb, Qq 
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and Qf output from the shift register 331 b represent three consecutive ones of the pixels forming a second hori- 
zontal line, i.e., the pixels arranged in the main scanning line. The three bits Qc, Q| and Qh output from the 
shift register 331c represent three consecutive ones of the pixels fomfiing a third horizontal line, i.e., the pixels 
anranged in the main scanning line. Since the shift registers 331a, 331b and 331c, each holding a oneline data 

5 item, are connected in series, the bits Qa, Qb and Qc output from the registers 331a, 331b and 331c, represent 
three consecutive pixels arranged in the vertical direction, i.e., the sub-scanning direction; the bits Qe, Qo and 
Qi output from the registers 331a. 331b and 331c, represent three consecutive pixels arranged in the vertical 
direction; and the bits Cfc, Qp and Qh output from the registers 331a, 331b and 331c, represent three consecu- 
tive pixels arranged in the vertical direction. Hence, the nine bits Qa to Qj represent a 3 x 3 pixel matrix of the 

10 type illustrated in Fig. 27, the bit Qg representing the center pixel of the 3 x 3 matrix. In other words, the shift 
registers 331a, 3031 , and 331c cooperate to sample every nine bits of the image data, which represent a 3 x 
3 pixel matrix. 

The nine bits Qa to Q|, thus output from the shift registers 331a, 331b and 331c, are input supplied to the 
power-supply time setting device 332. 
15 The power-supply time setting device 332 has a ROM (not shown), and outputs a 3-bit data item consisting 
of three bits upon receipt of the nine bits Qa to Q| supplied from the registers 331a, 331b and 331c. The 3-bit 
data item is stored Into the line memory 333. The line memory 333 has capacity of n 3-bit data items, where n 
Is the number of pixels fomiing one horizontal line. The output controller 334 controls the line memory 333 in 
accordance with the clock signal and the latch signal supplied from the head controller 1 0, causing the line mem- 
20 ory 333 to output pixel bits, one by one, as will be explained below in detail. 

The operation of the themnal printer shown in Fig. 31 will now be explained, with reference to the timing 
chart of Fig. 32. 

First, image data is supplied from the external device to the head controller 10. The head controller 10 sup- 
plies the image data to the image data processing section 330, and generates a timing signal, a clock signal 
25 CK, and a latch signal LA The timing signal is input to the enable signal generator 20, the clock signal CK is 
supplied to the output controller 334 and the shift register 41 incorporated in the head driver 40, and the latch 
circuit LA is supplied to the output controller 334 and the latch circuit 42 incorporated in the head driver 40. 

Upon receipt of the timing signal, the enable signal generator 20 generates an enable signal EN. The enable 
signal EN is supplied to the second input terminals of the AND gates 43-1 to 43-n incorporated in the had driver 
30 40. 

In the image processing section 330, the shift registers 331 a, 331 b and 331 c output nine bits Qa to Qi. These 
nine bits, which represent a 3 x 3 pixel matrix, are supplied to the power-supply time setting device 332. The 
device 232 outputs a 3-bit data item the value of which is detenmined from the values of the nine bits Qa to Q| 
output from the registers 331a, 331b and 331c. More specifically, the device 332 produces 3-bit data items in 
35 the following scheme: 

1 . When only the bit Qq represents a black pixel as is shown at (a) in Fig. 29, or when the bit Qq and one 
or two other bits represent black pixels as is shown at (b) or (c) in Fig. 29, the device 332 produces a 3-bit 
data of "001." 

2. When the bit Qq and three to five other bits represent black pixels as is shown at (d) to (f) in Fig. 29, the 
40 device 332 produces a 3-bit data of " 01 0 

3. When the bit Qq and six to eight other bits represent black pbcels as is shown at (g) and (h) in Fig. 29, 
the device 332 produces a 3-bit data of "100." 

4. When the Qg represents a white pixel, the device 332 produces a 3-bit data of "000." 

The 3-bit data item is stored into the line memory 333. As each of the shift registers 331a, 331 b and 331c 
45 sequentially inputs other bits to the power-supply time setting device 332, the device 332 outputs other 3-bit 
data items, each for one pixel bit Qq. These 3-bit data items are stored into the line memory 233, one after 
another. 

In accordance with the clock signal CK, the output controller 334 control the line memory 333, whereby 
only the first bit (i.e., the least significant bit) of each 3-bit data item is read from the memory 333. The first bit 
50 of each 3-bit data item is supplied to the head driver 40. 

In the head driver 40, n bits read from the line memory 333, each being the first bit of each 3-bit data item, 
are stored into the shift register 41, one after another, during the period 1 as is shown in the timing chart of 
Fig. 32. When the last of these n bits is stored into the register 41, the head controller 10 outputs a latch signal 
pulse II having a predetermined width, as can be understood from Fig. 32. This pulse II is supplied to the latch 
55 circuit 42 and also to the output controller 334. In response to the pulse II, the latch circuit 42 receives and 
holds the n bits from the shift register 41. 

In response to the latch signal pulse II, the output controller 334 controls the line memory 333, whereby 
only the second bit (i.e., the second least significant bit) of each 3-bit data item is read from the memory 333. 
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As a result, n bits, each being the second bit of each 3-bit data item stored in the memory 333, are input to the 
shift register 41, one after another, during the period III as is shown in Fig. 32. 

The enable signal generator 20 generates an enable signal pulse in response to the timing signal supplied 
from the head controller 10, upon lapse of a predeter mined time firom the trailing edge of each latch signal 
5 pulse, as can be understood from Fig. 32. Hence, the generator 20 generates an enable signal pulse IV having 
a width Ta upon lapse of said time from the trailing edge of the latch signal pulse II. This pulse IV is supplied 
to the second input tenminat of each AND gate. 

In the meantime, the n bits Qq to Qn held in the latch circuit 42, each being the first bit of each 3-bit data 
item stored in the line memory 333, are input to the AND gates 43-1 to 43-n, respectively. Hence, any AND 
10 gate, whose first input tenninal receives a bit which indicates that only the middle of the three consecutive 
pixels is black, is on for the period Ta, i.e., the width of the enat)le signal pulse IV. As a result, the switching 
amplifier coupled to such AND gate is turned on for the same period Ta. applying the voltage (24V) to the cor- 
responding heating resistor of the thermal print head 50. 

When the last of the n bits, each being the second bit of each 3-bit data item stored in the line memory 
15 333, is input to the shift register 41, the head controller 10 outputs a latch signal pulse V as is shown in Fig. 
32. The pulse V is supplied to the output controller 334 and the latch circuit 41. In response to this pulse V, the 
latch circuit 42 receives and holds the n bits from the shift register 41. 

In response to the latch signal pulse V, the output controller 334 controls the line memory 333, whereby 
only the third bit (i.e., the most significant bit) of each 3-bit data item is read from the memory 333. As a result, 
20 n bits, each being the third bit of each 3-bit data item stored in the memory 333, are input to the shift register 
41, one after another, during the period VI as is shown in the timing chart of Fig. 32. 

Upon lapse of the predetermined time from the trailing edge of the latch signal pulse V, the generator 20 
generates an enable signal pulse VII having a width Ts- This pulse VII is supplied to the second input terminal 
of each AND gate. 

25 Meanwhile, the n bits Qo to held in the latch circuit 42, each being the second bit of each 3-bit data item 
stored in the line memory 333, are input to the AND gates 43-1 to 43-n, respectively. Hence, any AND gate, 
whose first input terminal receives a "1" bit which indicates that the middle and left or right of the three con- 
secutive pbcels are black, is on for the period Tb, i.e., the width of the enable signal pulse VII . The switching 
amplifier coupled to such AND gate is thereby tumed on for the same period Tb, applying the voltage (24V) to 

30 the corresponding heating resistor of the thermal print head 50. 

When the last of the n bits, each being the third bit of each 3-bit data item stored in the line memory 333, 
is input to the shift register 41, the head controller 10 outputs a latch signal pulse VIM as is shown in Fig. 32. 
The pulse VIII is supplied to the output controller 334 and the latch circuit 41. In response to this pulse VIII, the 
latch circuit 42 receives and holds the n bits from the shift register 41. 

35 In response to the latch signal pulse VIII, the output controller 334 controls the line memory 333, whereby 
only the first bit (i.e., the least significant bit) of each 3-bit data item of the next one-line data is read from the 
memory 333. As a result, n bits, each being the first bit of each 3-bit data item stored in the memory 333, are 
input to the shift register 41, one after another. 

Upon lapse of the predetermined time from the trailing edge of the latch signal pulse VII t, the generator 20 

40 generates an enable signal pulse XI having a width Tq. This pulse XI is supplied to the second input terminal 
of each AND gate. 

In the meantime, the n bits Qo to Qn held in the latch circuit 42, each being the third bit of each 3-bit data 
item stored in the line memory 333, are input to the AND gates 43-1 to 43-n, respectively. Hence, any AND 
gate, whose first input tenninai receives a "1" bit which indicates that the three consecutive pixels are black, 
45 is on for the period Tq, i.e., the width of the enable signal pulse XI. The switching amplifier coupled to such 
AND gate is thereby tumed on for the same period Tc applying the voltage (24V) to the corresponding heating 
resistor of the thermal print head 50. 

The enable signal generator Qo cyclically generates three pulses having widths Ta, Tq and Tc, where Ta 
< Tb < Tc. The widths Ta, Tb and Tc defines periods Ta, Tb and Tc, during which the heating the switching 
50 amplifiers 44-1 to 44-n apply the drive voltage to the heating resistors R-1 to R-n of the themial print head 50. 
The image data processing section 330 processes any other one-line data items sequentially supplied from 
the head controller 1 0, three data items at a time, in the specific way explained above. The head driver 40 drives 
the themial print head 50 in the manner described above, in accordance with the signals CK and LA supplied 
from the head controller 10 and also in accordance with the enable signals EN generated by the enable signal 
55 generator 20. 

Thus, when only the middle pixel is black or when the middle pixel and one or two adjacent pixels are black, 
the heating resistor is driven for the period Ta, printing a small black pixel circumscribed by the one-pixel region, 
as is shown at (a), (b) and (c) in Fig. 29. When the middle pixel and three to five adjacent pixels are black, the 
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heating resistor is driven for the period Tb longer than the period T^. thereby printing a black pixel having a 
diameter longer than the wide of the one-pixel region but not long enough to circumscribe the region, as is shown 
at (d), (e) and (f) in Fig. 29. When the middle pixel and six to eight adjacent pixels are black, the heating resistor 
is driven for the period Tc longer than the period Tb, thus printing a black pixel circumscribing the one-pixel 

5 region, as is shown at (g), (h) or (I) in Fig. 29. When the middle pixel is white, no voltage is applied to the heating 
resistor since none of the three bits are "1," and the resistor prints no black pixel. 

When the heating resistors R-1 to R-n are repeatedly driven, each time for the period Ta or Tb, discrete 
black pixels, each located well within or circumscribed by the one-pixel region, will be formed on a printing 
medium, defining a clear-cut quasi-gray image or distinct characters. 

10 On the other hand, when the heating resistors R-1 to R-n are repeatedly driven, each time for the period 
Tc, overiapping black pixels, each circumscribing the one-pbcel region, will be fonmed on a printing medium, 
defining a true black image. 

Ninth Embodiment 

15 

Fig. 33 illustrates a laser printer which is a ninth embodiment of the invention and which is similar to the 
laser printer shown in Fig. 4. Some of the components of this printer, which are identical to those shown in Fig. 
4 are designated at the same numerals in Fig. 33 and will not be described in detail. 

As is evident from Fig. 33, the laser printer comprises an interface section 1, a control section 2, an image 

20 memory 3, a laser scanner unit (LSU) 6, a photosensitive drum 7, two shift registers 81a and 81b, an emis- 
sion-time setting section 81, a 2-input AND gate 84, and 3-input AND gate 84. 

As in the laser beam shown In Fig. 4, various devices (not shown), such as a dnjnfvcharging device, an 
image-developing device, an image-transferring device, an image-fixing device, a drum-cleaning device - all 
being of the known types - are located around the photosensitive drum 7. 

25 The shift registers 81a and 81b are each an n-bit shift register, where n is the number of pixels which form 
a one-line image. They shift the Input data, bit by bit. In response to the transfer dock pulses, i.e., the pulses 
fomiing the Image data supplied from the control section 2. These registers 81a and 81b are connected in 
series. Hence, the output of the register 81a is input to the register 81b. Every time the register 81a shifts the 
one-line Image data by one bit, It outputs the first seven bits it holds, i.e., bits Qa to Qq. Of these seven bits, 

30 the bits Qa, Qb. Qc. Qe. Qf and Qq are supplied to the emission-time setting section 82, while the bit Qq is sup- 
plied as a pbcel signal SB to the first input temiinal of the AND gate 83. On the other hand, every time the register 
81b shifts the one-image data by one bit it outputs three consecutive bits Qh, Q, and Qj which are at the same 
places as the bits Qc, Qd and Qg. respectively. These three bits Qh, Qi and Qj are supplied to the three input 
tenninals of the AND gate 84, respectively. The bit Ox output by the AND gate 84 is supplied to the emission-time 

35 setting section 82. 

The seven bits QAto Q^ output by the shift register 81a, and the three bits Qh, Qi and Qj output by the shift 
register 81 b represent ten pixels A to J have the positional relation specified In Fig. 34. 

The emission-time setting section 305 has a ROM (not shown) which stores a data table showing various 
10-bit patterns and seven periods Ta to Tq. It detects one of the various patterns which the 10 bits Qa to Qj 

40 define when the bit Qq represents a black pixel, in accordance with the values of the bits Qa, Qb. Qc> Qe> Qf 
and Qg supplied from the register 81a and the bit Qx supplied from the AND gate 84. Then, it outputs an emis- 
sion-time signal SD representing the period of time which Is determined from the values of these input seven 
bits and for which the LSU 6 is driven to print the pixel represented by the bit Qq. The signal SD Is supplied to 
the second input tenminal of the AND gate 83. 

45 The AND gate 83 obtains the logic product of the pixel signal SB (i.e., the bit Qd) output from the shift register 
81a and the signal SD output from the emissiontime setting section 82, and output a signal representing this 
logic product. The signal output by the AND gate 83 is supplied to the drive section 67 incorporated In the LSU 
6. 

As In the laser beam shown in Fig. 4, various devices (not shown), such as a dmnrvcharging device, an 
50 image-developing device, an image-transferring device, an Image-fixing device, a drum-cleaning device - all 
being of the known types - are located around the photosensitive drum 7. 

The operation of the laser printer shown in Fig. 33 will now be explained, with reference to Figs. 35 and 

36. 

At first, the shift registers 81a and 82b are empty. Then, the image data Is supplied to the shift register 
55 81a, and hence to the shift register 81 b. Thus, the image data is shifted, bit by bit, through either register under 
the control of the control section 2. As has been described, the shift registers 81a and 18b are each an n-bit 
register, capable of storing a one-line data, and are connected In series. Hence, when the shift register 81a 
receives the first bit of the second one-line data, the shift register 81b starts receiving the first one-line data. 
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The drive section 67 incorporated in the LSU 6 drives the laser diode 62 incorporated in the LSD 6 in res- 
ponse to the pixel signal SB, i.e., the bit Qp, supplied from the shift register 81a through the AND gate 83. 

Meanwhile, the emission-time setting section 82 receives six bits Qa to Qc and Qg to Qq output by the shift 
register 81 a and the Qx output by the shift register 81 b, detects the 1 0-pixel pattern from the values of the seven 

5 input bits, and outputs an emission-time signal SD which represents of one of the seven periods Ta to Tq stored 
in the ROM. The signal SD is supplied to the drive section 67. 

More specifically, the ROM of the emisswion-time setting section 82 stores the data table shown in Fig. 
35. This table shows the relation between the number of consecutive black pixels, always including the black 
pixel represented by the bit Qq, on the one hand, and the period of time for which the drive section 67 will drive 

10 the laser diode 62 to print the black pbcel represented by the bit Qq. 

As can be understood fonn Fig. 35, when only one pixel (i.e., the one represented by the bit Qq) is black, 
the bits Qa to Qc and Qe to Qq output by the register 81a can fonn only one 6-bit pattern "000000." When two 
consecutive pixels are black, the bits Qa to Qc and Qe to Qq can fonn two 6-bit patterns "0001 00" and "001 000." 
When three consecutive pixels are black, the bits Qa to Qc and Qe to Qq can fonm three 6-bit patterns "0001 1 0," 

15 "001 1 00," and "01 1 000." When four consecutive pixels are black, the bits Qa to Qc and Qe to Qq can fomn four 
6-bit patterns "bits are "0001 1 1 ,""001 1 1 0," "01 1 1 00," and "111 000." When five consecutive pixels are black, 
the bits Qa to Qc and Qe to Qq can fomn three 6-bit patterns "001 1 1 1 ," "01 1 1 10," and "1111 00." When six con- 
secutive pixels are black, the bits Qa to Qc and Qe to Qq can fonm two 6-bit patterns "011111" and 
"11111 0." When seven consecutive pixels are black, the bits Qa to Qc and Qe to Qq can form only one 6-bit 

20 pattern "111111." 

When the section 82 detects the 6-bit pattern showing there is only one black pixel, it outputs an emission- 
time signal SD representing a beam-emission period Ta, whether the bit Qx is "1" or "0." When the section 82 
detects a 6-bit pattern showing there are two consecutive black pixels, it generates an emission-time signal 
SD which represents a beam-emission period Tg, whether the bit Qx is "1 " or "0." When the section 82 detects 

25 a 6-bit pattern showing there are three consecutive black pbceis, it generates an emission-time signal SD which 
represents a beam-emission period Tc, whether the bit Qx is "1" or "0." When the section 82 detects a 6-bit 
pattern showing there are four consecutive black pixels, it generates an emission-time signal SD which repre- 
sents a bean>emission period Tq, whether the bit Qx is "1" or "0." When the section 82 detects a 6-bit pattern 
showing there are five consecutive black pixels, it generates an emission-time signal SD which represents a 

30 beam-emission period Te if the bit Qx is "1 " or a beam-emission period Tq if the bit Qx is "0." When the section 
82 detects a 6-bit pattern showing there are six consecutive black pbceis, It generates an emission-time signal 
SD which represents a beam-emission period Tp if the bit Qx is "1" or a beam-emission period Tp if the bit Qx 
is "0." When the section 82 detects a 6-bit pattern showing there are seven consecutive black pixels, itgenerates 
an emission-time signal SD which represents a beanvemission period Tq if the bit Qx is "1" or a beam-emission 

35 period Tq if the bit Qx is "0." 

As is shown in the diagram shown in Fig. 36, Ta < Tg < Tc < Tq < Tg < Tp < Tq, and Tq = Tl. 
The emission-time signal SD output by the section 82 is supplied to the second input tenminal of the AND 
gate 83, to which the pixel signal SB (i.e., the bit Qq) is also supplied. Hence, the AND gate 83 is turned on for 
the period of time represented by the emission-time signal SD and outputs a signal for this period of time. The 

40 output signal of the AND gate 83 is supplied to the drive section 67. 

The drive section 67 outputs a drive signal SC which is at a high level for the period represented by the 
output signal of the AND gate 83, whereby the laser diode 62 keeps emitting a laser beam for this period of 
time. 

As can be understood from Figs. 34, 35 and 36, the period represented by the emission-time signal SD is 
45 proportional to the number of consecutive black pixels arranged in the main-scanning direction, provided that 
there are at most four consecutive black pixels including the pbcel represented by the bit Qq. When there are 
five to seven consecutive black pbceis an^nged in the main-scanning direction, the signal SD represents a 
period which is proportional to the number of consecutive black pixels if the three pixels represented by the 
bits Qh, Qi and Qj and located above the three pixels represented by the bits Qc, Qd and Qe, respectively, are 
50 all black, and represents the same period, i.e., the period To, If the three pixels represented by the bits Qh, Qi 
and Qj are not all black. Obviously, the longer the period the drive section 67 drives the laser diode 62, the 
larger the black pixel printed, which is represented by the bit Qq. 

To print a quasi-gray image or complex characters, which are defined by discrete black pixels, the laser 
diode 62 is repeatedly driven, each time for the period TAorTe and emitting a laser beam for this period, whereby 
55 discrete black pixels, each circumscribed by the one-pixel region or having a diameter longer than the side of 
the one-pixel region but not long enough to circumscribe the region, are formed ultimately on a printing medium. 
The black pixels, thus formed, define a clear-cut quasi-gray image or distinct characters. 

On the other hand, to print a true black image, which is defined by overiapping black pixels, the laser diode 
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62 is repeatedly driven, each time for the period Tc (i.e., one-pixel scanning period TO and emitting for the period 
Tc, whereby black pixels, each circumscribing the one-pixel region and overiapping another, are fonmed ulti- 
mately on a printing medium. The black pixels, thus formed, define a true black image. 

The present invention in not limited to the embodiments described above. The following modifications can 
5 be made. 

First, The numberand arrangement of pixels, the pattern of which is detected, are not limited to those adop- 
ted in the embodiments described above. Further, these pixels need not be consecutive; they can be spaced 
away from one another. 

Second, to print pixels of different sizes, it is possible to change the intensity of the laser beam or the voltage 
10 applied to the heating resistor, instead of changing the period during which to apply a laser beam of a fixed 
intensity to the drum 7 or the period during which to apply a fixed voltage to any heating resistor. 

Third, the emission-time setting section can set two different periods, four to six different periods, or more 
different periods during which to drive the laser diode or apply a voltage to any heating resistor, instead of three 
or seven different periods. 

15 Fourth, the invention can be applied to an ink-jet printer, an LED printer, or LCD printer, instead of a laser 
printer and a thenmal printer. The technical concepts common to the first, third, fifth, seventh and ninth embo- 
diments is suitable for an ink-jet printer, and the technical concept common to the second, third, sixth and eighth 
embodiments is suitable for an LED printer or an LCD printer. 

Fifth, the first, third, fifth, seventh and ninth embodiments can easily be modified into laser printers of posi- 
20 tive developing type, merely by inverting logic with respect to the values of bits representing pixels. 

Other various changes and modifications can be made, without departing the scope of the present inven- 
tion. 


25 Claims 

1. A printer characterized by comprising: 

pixel-forming means (62, R-1 to R-n) forforming a number of pixels on a printing medium, in accord- 
ance with image data consisting of pixel-data items representing black pixels and white pixels; 
30 pixel-size setting means (5) for setting a size for a given black pixel to be formed, by determining 

a pattern of consecutive pixels arranged in a scanning direction and including the given pixel from the 
values of pixel-data items representing these consecutive pixels; and 

control means (67) for controlling said pixel-fonming means (62, R-1 to R-n), causing said pixel-form- 
ing means to fonn, on the printing medium, the given pixel which has size set by said pixel-size setting 
35 means (5). 

2. The printer according to claim 1 , characterized in that said pixel-size setting means (5) detects the number 
of consecutive black pixels an'anged in a scanning direction and including the given pixel, thereby to deter- 
mine the pattern of the consecutive pixels an-anged in a row and including the given pixel. 

40 

3. The printer according to claim 1, characterized in that said control means (67) changes time for forming 
one pixel, thereby to cause said pixel-fonning means to fomri the given pixel which has size set by said 
pixel-size setting means (5). 

45 4. The printer according to claim 1 , characterized in that said control means (67) changes energy for fonming 
one pixel, thereby to cause said pbcel-fonming means to fomn the given pbcel which has the size set by 
said pixel-size setting means (5). 

5. The printer according to claim 1 , characterized in that said pixel-fonming means (62, R-1 to R-n) is a light- 
so emitting element 

6. The printer according to claim 1 , characterized in that said pixel-fonming means (62, R-1 to R-n) comprises 
heating elements. 

55 7. A printer characterized by comprising: 

pixel-forming means (62. R-1 to R-n) forforming a number of pixels on a printing medium, in accord- 
ance with image data consisting of pbcel-data ttenr^ representing black pixels and white pixels; 

pixel-size setting means (105) for setting a size for a given black pixel to be fonmed, by detenmining 

24 
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a pattern of consecutive pixels arranged in a direction perpendicular to a scanning direction and including 
the given pixel from the values of pixel-data items representing these consecutive pixels; and 

control means (67) for controlling said pixel-fomiing means (62, R-1 to R-n), causing said pixel-fonfn- 
ing means to form, on the printing medium, the given pixel which has the size set by said pixel-size setting 
5 means (105). 

8. The printer according to claim 7, characterized in that said control means (67) changes time for forming 
one pixel, thereby to cause said pixel-fonning means to fomi the given pixel which has size set by said 
pixel-size setting means (5). 

10 

9. The printer according to claim 7, characterized in that said control means (67) changes energy for forming 
one pixel, thereby to cause said pixel-fomiing means to fomi the given pixel which has the size set by 
said pixel-size setting means (5). 

15 10. The printer according to claim 7, characterized in that said pixel-fonnning means (62, R-1 to R-n) is a light- 
emitting element 

11. The printer according to claim 7, characterized in that said pixel-forming means (62, R-1 to R-n) comprises 
heating elements. 

20 

12. A printer characterized by comprising: 

pixel-forming means (62, R-1 to R-n) for forming a number of pixels on a printing medium, in accord- 
ance with image data including pixel-data items representing black pixels and white pixels; 

pixel-size setting means (205) for setting a size for a given black pixel to be formed, by determining 
25 the values of pixel-data items representing consecutive pixels anranged in a scanning direction and includ- 
ing the given pixel, and the values of pixel-data items representing consecutive pbcels arranged in a direc- 
tion perpendicular to the scanning direction and including the given pixel; and 

control means (67) for controlling said pixel-fonming means, causing said pixel-forming means (62, 
R-1 to R-n) to fonri, on the printing medium, the given pixel which has the size set by said pbcel-size setting 
30 means (205). 

13. The printer according to claim 12, characterized in that said control means (67) changes time for fomning 
one pixel, thereby to cause said pixel-fonming means to fomrt the given pixel which has size set by said 
pixel-size setting means (5). 

35 

14. The printer according to daim 12, characterized in that said control means (67) changes energy for forming 
one pixel, thereby to cause said pixel-fomiing means to form the given pixel which has the size set by 
said pixel-size setting means (5). 

40 15. The printer according to claim 12, characterized in that said pixel-fonming means (52, R-1 to R-n) is a light- 
emitting element 

16. The printer according to claim 12, characterized in that said pbcel-fomning means (62, R-1 to R-n) com- 
prises heating elements. 

45 

17. A printer characterized by comprising: 

pixel-forming means (62, R-1 to R-n) for fonming anumber of pixels on a printing medium, in accord- 
ance with image data consisting of pixel-data items representing black pixels and white pixels; 

pixel-size setting means (305) for setting a size for a given black pixel to be formed, by determining 
50 the values of pixel-data items representing consecutive pixels arranged in a scanning direction and includ- 
ing the given pixel, the values of pixel-data items representing consecutive pixels arranged in a direction 
perpendicular to the scanning direction and including the given pixel, and the values of pixel-data items 
representing consecutive pixels arranged in a direction oblique to the scanning direction and including the 
given pixel; and 

55 control means (67) for controlling said pixel-fomning means, causing said pixel-forming means (62, 

R-1 to R-n) to form, on the printing medium, pixels which have sizes set by said pixel-size setting means 
(305). 
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1 8. The printer according to claim 1 7, characterized in that said control means (67) changes time for forming 
one pixel, thereby to cause said pixel-fonming means to fonm the given pixel which has size set by said 
pixel-size setting means (5). 

5 19. The printer according to claim 17, characterized in that said control means (67) changes energy forfonming 
one pixel, thereby to cause said pbcel-fonming means to fomn the given pixel which has the size set by 
said pixel-size setting means (5). 

20. The printer according to claim 1 7, characterized in that said pixel-fonming means (62, R-1 to R-n) is a light- 
10 emitting element 

21. The printer according to daim 17, characterized in that said pixel-fonming means (62, R-1 to R-n) com- 
prises heating elements. 

15 22. A method of printing Images by means of pixel-fonming means, comprising the steps of: 

receiving image data consisting of pixel-data items representing black and white pixels anranged; 
setting a size for a given black pixel to be formed, by detenmining the values of pixel-data items 
representing consecutive pixels arranged in a scanning direction and including the given pbcel; and 

controlling said pixel-fonming means, causing the same to fonm, on the printing medium, the given 

20 pixel which has said size. 

23. A method of printing images by means of pixel-forming means, comprising the steps of: 

receiving image data consisting of pixel-data items representing black and white pixels arranged; 
setting a size for a given black pixel to be fonmed, by detenmining the values of pixel-data items 
25 representing consecutive pixels anranged in a direction perpendicular to a scanning direction acid including 

the given pixel; and 

controlling said pixel-fonming means, causing the same to fonm, on the printing medium, the given 
pixel which has said size. 

30 24. A method of printing images by means of pixel-forming means, comprising the steps of: 

receiving image data consisting of pixel-data items representing black and white pixels anranged; 
setting a size for a given black pixel to be fonmed, by detenmining the values of pixel-data items 
representing consecutive pixels arranged in a scanning direction and including the given pixel, and the 
values of pixel-data items representing consecutive pixels arranged in a direction perpendicular to the 
35 scanning direction and including the given pixel; and 

controlling said pixel-fonming means, causing the same to fonm, on the printing medium, the given 
pixel which has said size. 

25. A method of printing images by means of pixel-fonming means, comprising tiie steps of: 
40 receiving image data including pixel-data items representing black and white pixels arranged; 

setting a size for a given black pixel to be fonmed, by detenmining the values of pixel-data items 
representing consecutive pixels arranged in a scanning direction and including the given pixel, the values 
of pixel-data items representing consecutive pixels arranged in a direction perpendicular to the scanning 
direction and including the given pixel, and the values of pixel-data items representing consecutive pixels 
45 arranged In a direction oblique to the scanning direction and including the given pixels; and 

controlling said pixel-fonming means, causing the same to fonm, on the printing medium, the given 
pixel which has said size. 
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